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ADVERTISEMENT 


TO THE 


SEVENTH EDITION. 


‘THE publication of this edition of the Exr- 
"MENTS or Cuemisrry has been delayed, by cir- 
cumstances in which the reader can take no 
interest, long after the period when a new 
impression had been called for by the public. ° 
During the interval, which has elapsed since the 
foregoing edition, the progress of Chemistry 
has been marked, not only by the discovery of 
a great number of new facts, but by impor- 
tant changes in the general principles of the 
science. It has been necessary, therefore, to 
revise the whole work with the greatest care; 
to make large additions to most of the sections; 
and to introduce several entirely new ones. 
These alterations I have been enabled to effect, 
without materially increasing the bulk of the 
- volumes, ‘by the enlargement, of the page, and 
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by the rejection of every thing, which recent 
- experience has corrected or rendered doubtful. 


Though no pains have been spared to render) 


— the work a faithful abstract of the present state 
of Chemistry, yet it is probable that errors and 
omissions will, after all, be discovered in it. In 
correcting these, I hope to be assisted by a con- 
tinuance of those candid criticisms, both through 
public and private channels of communication, 
to which I have already been much indebted. 


Rf. 


Manchester, October, 1815. 
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INTRODUCTION*. 


IT has so long been a custom to preface a.course 
of lectures with the history of the science which 
is their subject, that it may be necessary to state, 
briefly, the reasons that have induced me to 
depart from this estabfished usage. 

The history of chemistry may either be Bere 
_a history of the science, that is, a view of the 
progressive development of the facts and doc- 
trines of which the science is. composed; or it 
may comprehend, also, the biography of chemists. 
The detail of the progress of discovery, however, 
concerning particular objects of chemical _re- 


* The following discourse formed, originally, the introduction 
to a series of lectures delivered in Manchester, and was after- 
wards published under the title of “ A General View of the 
Nature and Objects of Chemistry, and of its Application to 
Arts and Manufactures.” As the readers of an elementary book 
may be presumed to require a similar plan of instruction, with 
the hearers of a popular course of lectures, I have thought it 
unnecessary to alter the form under which the essay first ap- 
peared, though a few passages are applicable chiefly to the per- — 
sons to whom it was originally addressed. 
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search, would certainly be premature, at a period, 
when the student may be supposed to be ignorant 
of the external forms, and even of the existence, 
of no inconsiderable part of them. Respecting 
chemists themselves, little can be said that can 
contribute to information or amusement; for 
their lives, devoted to the abstract pursuits of 
science, have seldom been productive of events, 
_ that are suited to awaken or gratify general cu- 
 giosity. ‘Our interest, indeed, respecting philoso- - 


phers, is seldom excited, unless by a knowledge of _ 


the additions which they have made to the facts 
or theories of a science; and with these a lecturer 
may fairly presume, however the fact may really 
be, that his hearers, at the commencement of a 
course, are wholly unacquainted. On_ these 
grounds, therefore, I hope to be excused for 
‘devoting to other purposes the time, that would 
have been allotted to the history of the science: 
For this, will be substituted a brief view of the 
nature and objects of chemistry ;-of its con- 
hexion with the arts and with other sciences ; 
and an outline of the plan on which the following 
~ lectures. will be conducted. : 
_.Natural philosophy, in its most extensive sense, 
is a term comprehending every science, that has 
_ for its objects the properties and affections of: 
matter. But it has attained, by the sanction of. 
common language, a more limited signification; 
and chemistry, though strictly a branch of natural 
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philosophy, is generally regarded asa distinct 
science. Between the two it may, perhaps, be 
difficult to mark out precisely the line of sepa- 
ration: but, an obvious character of the facts of 
natural philosophy is, that they are always attended 
with sensible motion; and the determination of 
the laws of motion is peculiarly the office of its 
cultivators. Chemical changes, on the other hand, 
of the most important kind, often take place 
without any apparent~motion, either of the mass, 
or of its minute parts ; and where the eye is un- 
able to perceive that any change has occurred. 
The laws of gravitation, of central forces; and all 
the other powers that fall under the cognizance of 
the natural philosopher, produce, at most, only a 
change of place in the bodies that obey their 
influence. But, in chemical changes, we: may 
always observe an important difference in the 
properties of things: their appearances and qua- 
lities are completely altered, and their individuality 
destroyed. ‘Thus,two highly corrosive substances, 
by uniting chemically together, may become mild 
and harmless ; the combination of two colourless 
substances may present us with a compound of 
brilliant complexion ; and the union of two fluids, 
with a compact and solid mass. 

Chemistry, therefore, may be defined, that sci- 
ence, the object of which.is to discover and ex- 
plain the changes of composition that occur among 
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the integrant and constituent parts of dideaaat 
bodies*. ! 

From this definition, it may readily’ be con- 
ceived, how wide is the range: of chemical in- 
quiry; and, by applying it to the various events 
that daily occur in the order of nature, we shall 
be enabled to separate them with accuracy, and 
to allot, to the sciences of natural philosophy and 
_ chemistry, the proper objects of the cultivation of 
each. Whenever a change of place is a neces- 
sary part of any event, we shall call in the aid of 
the former. When this condition may be dis- 
pensed with, we shall resort to chemistry for the 
light of its principles. But it will be often found, 
that the concurrence of the two sciences is essen- 
tial to the full explanation of phenomena. The 
water of the ocean, for example, is raised into 
‘the atmosphere by its chemical combination with 
the matter of heat; but the clouds, that are thus 
formed, maintain their elevated situation by virtue 
of a specific gravity inferior to that of the lower 
regions of the air,—a law, the discovery and appli- 
cation of which are due to the natural philoso- 
pher, strictly. so called. 

it has not been unusual to consider chemistry, 


fm The reader, who wishes to examine other definitions of 
chemistry, will find a variety of them, collected by Dr. Black, 
in the first volume of his ‘* Lectures.” 
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under. the twofold view of a science and of an 
art. This arrangement, however, appears to have 
had its origin’ in an imperfect discrimination be- 
tween two objects, that are essentially distinct. 
Science consists of assemblages of facts, asso- 
ciated together in classes, according to cireum- 
stances of resemblance or analogy. ‘The business 
of its cultivators i 18, first, to investigate and esta- 
blish individual truths, either by the careful obser- 
vation of ‘natural appearances, or of new and 
artificial combinations of phenomena produced by © 
the instruments of experiment. The next step is 
the induction, from well ascertained facts, of 
general principles or laws, more or less compre- 
hensive in their extent, and serving, like the 
classes and orders of natural history, the purposes 
of an artificial arrangement. Of such a body of 
facts and doctrines, the science of chemistry is 
composed. But the employment of the artist 
consists merely in producing a given effect, for 
the most part by the sole guidance of practice or 
experience. In the repetition of processes, he 
has only to follow an established rule; and, in 
the improvement of his art, he is benefited gene- 
rally by fortuitous combinations, to which he has 
not been directed by any general axiom. An 
artist, indeed, of enlarged and enlightened mind, 
may avail himself of general principles, and may 
employ them as an useful instrument in perfecting 
established operations: but the art and the sci- 
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ence are still marked by a distinct boundary. ° In 
such hands, they are auxiliaries to each other ; 
the one contributing a valuable accession of facts ; 
and? the other, in return, imparting fixed and 
comprehensive principles, which simplify the pro- 
. esses of art, and direct to new and Important 
practiees | 

“The possession of the sii principles of 
cheinistry enables us to comprehend the mutual 
relation of a great variety of events, that form a 
part of the established course of nature. It un- 
folds the most sublime views of the beauty and 
harmony of the universe; and developes a plan of 
vast extent, and of uninterrupted order, which 
could have been conceived only by perfect wis- 
dom, and executed by unbounded power. By 
withdrawing the mind, also, from pursuits and 
amusements that excite the imagination, its in- | 
vestigations may tend, in common with the rest 
of the physical sciences, to the improvement of 
our intellectual and moral habits; to strengthen 
the faculty of patient and accurate thinking ; and 
to substitute placid trains of feeling, for those 
which are too apt to be awakened by the con- 
tending interests of men in society, or the hh ie 
fect government of our own passions. 

The class of natural events, that call for the 
_ explanation of chemical science, 'is of very con- 
siderable extent ; and ‘the-'natural philosopher 
(using this term in its*common acceptation) is 


INTRODUCTION, xxii 


wholly incompetent. to unfold their connexion. 
He may explain, for example, on the principles 
of his own science, the annual and diurnal revo- 
lutions. of the Earth, and part of the train of con 
sequences depending on these rotations. But 
here, he must, stop; and the chemist. must trace 
the effects, on the Earth’s surface, of the caloric 
and light derived from the. sun; the absorption of 
caloric by the various, bodies on which it falls; 
the consequent fluidity of some, and volatilization 
of others; the production of clouds, and their 
condensation i in the form of rain; and the effects 
of this rain, as well as of the sun’s heat, on the 
animal, vegetable, and mineral kingdoms. © In 
these minuter changes, we shall find, there is not 
less excellence of contrivance, than in the stu- 
pendous movements of the planetary system. And 
they interest us even more. nearly; because, 
though not more connected with our existence or 
comfort, yet they are more within our sphere of 

observation ; and an acquaintance with their laws 
admits of a more direct application to human 
affairs. 

There is another branch of Nae (that of 
natural history), which is materially advanced by 
the application of chemical science. The classi- 
fications of the naturalist are derived from an ex- 
amination and comparison of the external. forms, 
both of animate and imanimate bodies. He dis- 
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tributes the whole range of nature into three’ 
great and comprehensive kingdoms,—the’ animal, 

the vegetable, ' and'the mineral. Each of these, 

again, is subdivided into’ several less extensive 

classes; ‘and individual objects are referred to 

their place’ in the system, by the agreement of 
their characters, with those assigned to the class, 

order, and genus. In the different departments . 
of natural history, these resemblances vary in dis- 
tinctness, in facility of observation, and in cer- : 
tainty of description. Thus, the number and 
disposition of the parts of fructification in vege- 
tables afford ‘marks of discrimination, which are— 
well defined, and easily ascertained. But minerals, 
that are not possessed of a regularly crystallized 
form, are distinguished by outward qualities that 
scarcely admit of being accurately conveyed by 
language; such as minute shades of colour; or 
trifling differences of hardness, transparency, &c. 

To the evidence of these loose and varying cha- 
racters, that of the chemical composition of — 
minerals has within the few past years been added ; 
and mineralogy has been advanced, from a con- 

fused assemblage of its objects, to the dignity of 
a well methodized and scientific system. In the 
example of crystallized bodies, the correspon- 
dence between external form and chemical com- 
position, has been most successfully traced by the 
genius of Haiiy ; whose method of investigation 
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has enabled him, in numerous instances, to antici- 
pate, from physical characters, the results of the? : 
most skilful and laborious analysis. 

‘It is unnecessary to pursue this part of the: 
subject to a greater extent; because, to all who 
have been in the habit of philosophical investiga- 
tion, the connexion between the sciences must be 
sufficiently apparent ; and because there is another 
ground, on which chemistry is more likely to 
claim, with success, the respect and attention of 
the great mass of mankind. ‘This is, its capacity 
of ministering to our wants and our luxuries, and 
of instructing us to convert to the ordinary pur-' 
poses of life, many substances which’ nature pre- 
sents in a rude and useless form. ‘The extraction 
of metals from their ores; the conversion of the’ 
rudest materials into the beautiful fabrics of glass 
and porcelain; the production of wine, ardent 
spirits, and vinegar; and the dyeing of linen and 
woollen manufactures,—are only a few of the arts” 
that are dependent on chemistry for their im- 
provement, and even for their successful practice. 

It cannot, however, be denied, that all the arts 
which have been mentioned were practised in 
times when the rank of chemistry, as a science, 
was extremely degraded; and that they are the 
daily employment of unlettered and ignorant men. 
But to what does this confession amount? and. 
how far does it prove the independence of the 
above arts on the science of chemistry ? 
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The-skill of an artist. is compounded of knowe, 
ledge’ and of manual dexterity... The latter, it is 
obvious, no science can teach. But the acquire. 
ment of experience, in other words, a talent for 
accurate observation of facts; and the habit of. 
arranging facts in the best manner, may-be greatly. 
facilitated by the possession of scientific principles. 
Indeed, it is hardly possible for any one to frame 
rules for the practice of a.chemical art, er to profit 
by the rules of others, who is unacquainted with 
the general doctrines of the science. For,.in all 
rules, it is implied, that the promised effect will 
only take place, when circumstances are precisely 
the same as. in the case under which the rule. was 
formed. To ensure an unerring uniformity of re- 
sult, the substances, employed, in chemical pro- 
cesses, must be of uniform composition and ex- 
cellence ; or, when it is not possible to obtain them 
thus unvaried, the artist should be able to judge 
precisely of the defect, that he may proportion his 
agents according to their qualities.. Were chemical 
knowledge more generally possessed, we. should 
hear less of failures and disappointments in chemi- 
cal operations; and the artist would commence 
his proceedings, not, as at present, with distrust 
and uncertainty, but with a well inti 
tion of success. \ 

It will scarcely be contended, that. any one of 
the arts has hitherto attained the extent of its 
possible perfection. In all, there is, yet. a wide 
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scope for improvement, aid an extensive range 
for ingenuity and invention. But from what class 
of men are we to expect useful discoveries? Are 
we fo trust, as hitherto, to the favour of chance 
and accident; to the fortuitous success of* those 
who are not guided in ‘their experiments by any 
general principles ?, Or shall we not rather endea- 
vour to inform the artist, and induce him to sub- 
stitute, for vague and random conjecture, the torch 
of induction and of ‘rational analogy? In the pre- 
sent imperfect state of his knowledge, the artist is 
even unable fully to avail himself of those fortunate 
accidents, by which improvements sometimes occur 
in his processes; because, to the eye of common 
observation, he may have acted agreeably to es- 
‘tablished rules, and have varied in circumstances 
which he ean neither perceive nor appreciate. The 
man of science, in these instances, sees more 
deeply, and, by availing himself of a minute and 
accidental difference, contributes at once to the 
- promotion of his own interest, and to the advance- 
ment of his art. | | | 

- But it is the union of theory with Sinatra that 
4s now recommended. And, ‘ when theoretical. 
“knowledge and practical skill are happily combined 
in the same person, the intellectual power of man 
appears in its full perfection, and fits him equally 
‘to conduct, with a masterly hand, the details of 
‘ordinary business, and to contend successfully with 
the untried difficulties of- new and perplexing 
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situations. In conducting the former, mere ex: 
perience may frequently be a sufficient guide; but 
experience and speculation must be combined to 
prepare us for the latter *.”’ “ Expert men,” says 
Lord Bacon, “can execute and judge of ‘particu- 
lars one by one; but the general counsels, and 
the plots, and the marshalling of affairs, come aba 
from those that are learned.’’ 3 
This recommendation to. artists, of the acute 
ment of scientific knowledge, is happily sanctioned 
by the illustrious success, in our own days, of the 
application of theory to the practice of certain arts. 
¥ew persons are ignorant of the benefits, that have 
resulted to the manufactures of this country, from 
the inventions of Mr. Watt and Mr. Wedgwood ; 
both of whom have been not less benefactors of 
philosophy than eminent for practical skill.. The 
former, by a clear insight into the doctrine of la- 
tent heat, resulting, in a great measure, from his 
own acuteness and patience of investigation, and 
seconded by an unusual share of mechanical skill, 
has perhaps brought the steam-engine to its acme 
of perfection. Mr. Wedgwood, aided by the pos- 
session of extensive chemical knowledge, made 
rapid advances in the improvement of the art of. 
manufacturing porcelain; and, besides raising him-— 
self to great opulence and distinction, has created _ 


* Stewart’s Elements of the Philosophy of the Human Mind, 
chap. iv. sect. 7. yarce 
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for his country a source of most profitable and ex- 
tensive industry. In an art, also, which is nearly 
connected with the manufactures of our own town, 
and the improvement of which must, therefore, 
“come home to our business and bosoms,” we 
owe unspeakable obligations to two speculative 
chemists,—to Scheele, who first discovered the 
oxygenized muriatic acid; and to Berthollet, who 
first instructed us in its application to the art of 
bleaching. 
Examples, however, may be urged against in- 
dulgence in theory ; and instances are not wanting, 
in which the love of speculative refinement has 
withdrawn men entirely from the straight path of 
useful industry, and led them on gradually to the 
ruin of their fortunes. But from such instances, 
it would be unfair to deduce a general condemna- 
tion of theoretical knowledge. It would be the 
common error of arguing against things that are 
useful, from their occasional abuse.—In truth, 
projects which have, for their foundation, a de- 
- pendence on chemical principles, may be under- 
taken with a more rational confidence, than such 
as have in view the accomplishment of mechanical 
purposes; because, in chemistry, we are better 
able, than in mechanics, to predict, from an expe- 
riment on asmall scale, the probable issue of more 
extensive attempts. No one, from the successful 
trial of a small machine, can affirm, with unerring 
certainty, that the same success will attend one on 
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a greatly enlarged plan; because the amount of 
the resistances, that are opposed to motion, in- 
creases often in a ratio greater than, from theory, 
could ever have been foreseen: but the same law, 
by which the mineral alkali is extracted from a 
pound of common salt, must equally operate on a 
thousand times the quantity; and, even when we 
augment our proportion in this immense degree, | 
the chemical affinities, by which so large a mass is 
decomposed, are exerted only between very small 
particles. ‘Lhe failures of the mechanic, therefore, 
arise from the nature of things; they occur, be- 
cause he has not in his power the means of fore- 
seeing and calculating the causes that produce 
them. But, if the chemist fail in perfecting an 
economical scheme on a large scale, it is either 
because he has not sufficiently ascertained his facts - 
on a small one, or has rashly embarked in extensive 
speculations, without having previously ensured 
the accuracy of his estimates. 

The benefits which we are entitled to expect 
from the efforts of the artist and the man of sci- 
ence, united in one person, and at the same time 
tempered and directed by prudential wisdom, affect 
not only individual but national prosperity. ‘To 
the support of its distinction, as a commercial 
nation, this country is to look for the permanency 
of its.riches, its power, and, perhaps, even of its 
liberties; and this preeminence is to be maintain- 
ed, not only by local advantages, but on. the more 
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éertain ground of superiority in the productions of 
its arts. Impressed with a full conviction of this 
influence of the sciences, a neighbouring and rival 
people offer the most public and respectful incite- 
“ments to the application of theory in the improve- 
ment of the chemical arts; and, with the view of 
promoting this object, national institutions have 
been formed among them, which have been already, 
in several instances, attended with the most en- 
couraging success. It may be sufficient, at pre- 
‘sent, to mention, as an éxample, that France, 
during a long war, supplied, from her own native 
resources, her enormous, and, perhaps, unequalled 
consumption of nitre. | | 

~The general uses of chemistry have been thus 
fully enlarged upon, because it is a conviction of 
the utility of the science, that can alone recom. 
mend it to attentive and persevering study. It 
may now be proper to point out, in detail, a few 
of its more striking applications. 


y ‘The art which is, of all others, the most in- 
teresting, from its subserviency’ to wants that are 
interwoven with our nature, is AGRICULTURE, of 
the art of obtaining, from the earth, the largest 
crops of useful vegetables at the smallest expense. 

‘The vegetable kingdom agrees with the animal 
one, in the possession of a living principle. Every. 
individual of this kingdom is regularly organized, 
and requires for its support an unceasing supply 
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of food, which.i is converted, as in the thy body, 
into substances of various forms and qualities. 
Each plant has its periods of growth, health, dis- 
_ease, decay, and death; and is affected, in most of 
these particulars, by the varying condition of ex- 
ternal circumstances. A perfect. state of agricul- 
-tural knowledge would require, therefore, not only 
a minute acquaintance with the structure and eco- 
nomy of vegetables, but with the nature and ef- 
fects of the great variety of external agents, that 
contribute to their nutriment, or influence their 
state of health and vigour. It can hardly be ex- 
pected, that the former attainment will ever be 
generally made by practical farmers; and it is in 
bringing the agriculturist acquainted with the pre- 
cise composition of soils and manures, that. che- 
mistry promises the most solid advantages. Indeed, 
any knowledge that can be acquired on this sub- 
| ject, without the aid of chemistry, must be vague . : 
_and indistinct, and can neither enable its possessor 
to produce an intended effect with certainty, nor 
be communicated to others in language sufficiently 
intelligible. Thus we are told, by’ Mr. Arthur 
Young, that, in some parts of England, any loose 
clay is called marl, in others marl is called chalk, 
and in others clay is called loam. From so con- 
fused an application of terms, all general benefits 
of experience in agriculture must be greatly 
“ehimited: 7 
| Chemistry may, to agriculturists, become .a 
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universal language, in which the facts, that are 
observed in this art, may be so clothed, as to be 
intelligible to all ages and nations. It would be 
desirable, for example, when a writer speaks of 
clay, loam, or marl, that he should explain his 
conception of these terms, by stating the chemical 
composition of each substance expressed by them. 
For, all the variety of soils and manures, and all 
the diversified productions of the vegetable king- 
dom, are capable of being resolved, by chemical 
analysis, into a small number of elementary ingre- 
dients. ‘The formation of a well refined language, 
expressing the proportion of these elements in the 
various soils and manures, now so vaguely cha- 
racterized, would give an accuracy and precision, 
hitherto unknown, to the experience of the tillers _ 
of the earth.. : | 
It has been said, by those who contend for pure 
empiricism in the art of agriculture, that it has 
remained stationary, notwithstanding all improve- 
ments in the sciences, for more than two thousand 
years. ‘* To refute this assertion,” says Mr. Kir. 
wan, ‘ we need only compare the writings of Cato, 
Columella, or Pliny, with many modern tracts, or 
still better, with the modern practice of our best 
farmers.”’—“ If the exact connexion of effects with 
their causes,” he adds, “has not been so fully and 
extensively traced in this as in other subjects, we 
must attribute it to the peculiar difficulty of the 
investigation. In other subjects, exposed to the - 
is ay Sg C | 
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joint operation of many causes, the effect of each, 
singly and exclusively taken, may be particularly 
examined, and:the experimenter may work in,his 
laboratory; with the object always in his view. 
But the secret processes. of vegetation take place 
in the dark, exposed to the various and indetermi- 
-nable influences of the atmosphere, and require, at 
least, halfa year for their completion. . Hence the 
difficulty of determing on what, peculiar. cir 
cumstance success or failure depends; for, the 
diversified experience of many years alone can 
afford a rational foundation for solid, specific 
conclusions *.” | 


II. To those who study mepicine as a branch 
of general science, or with the more important 
view of practical utility, chemistry may be recom- - 
mended with peculiar force and propriety.—The 
animal body may be regarded as a living machine, | 
obeying the same laws of motion as are daily ex- 
emplified in the productions of human art. The 
arteries are long, flexible, and elastic canals, ad- 
mitting, in some measure, the application of the. 
doctrine of hydraulics; and the muscles are so 
many levers, of precisely the same effect with those’ 
which are employed to gain power in mechanical — 
contrivances. But there is another view, in which, 
with equal justice, the living body may be contem- 


* See Kirwan on Manures.. 
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plated. It is a laboratory, in which are constantly 
going forward processes of various kind, depen- 
dent on the operation of chemical affinities. The 
conversion of the various kinds of food into blood, 
a fluid of comparatively uniform composition and 
qualities; the production of animal ‘heat by the 
action of the air on that fluid, as it passes through 
the lungs ; and the changes, which the blood after- 
wards undergoes in its course through the body,— 
are all, exclusively, subjects of chemical inquiry. 
To these, and many other questions of physiology, 
chemistry has of late years been applied with the 
most encouraging success; and it is to a long 
continued prosecution of the same plan, that we 
are to look for a system of physiological science, 
which shall derive new vigour and lustre from the 
passing series of years. 

‘It must be acknowledged, however, as has been 
observed by Sir H. Davy*, that ‘the connexion 
of chemistry with physiology has given rise to 
some visionary and seductive theories ; yet even 
this circumstance has been useful to the public 
mind, in exciting it by doubt, and in leading it to 
new investigations. A reproach, to a certain de- 
gree just, has been thrown upon those doctrines 
known by the name of the chemical physiology ; 
for, in the applications of them, speculative philo- 


* In his excellent “Discourse, Introductory to a Course of 
Lectures,”? &c. London, Johnson. 1802. 
oe 
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sophers have been guided rather by the analogies 
of words than of facts. Instead of endeavouring 
slowly to lift up the veil, which conceals the won- 
derful phenomena of living nature ; full of ardent 
imaginations, they have vanly, and presumptuously 
in wr to tear it ¢ asunder.” | - 


PPTL. Ghere is Hn extensive dlaavior arts, forming, 
when viewed collectively, a great part of the 
objects of human industry, which do not, on a 
loose and hasty observation, present any general 
principle of dependency or connexion. But they 
appear thus disunited, because we have been 
accustomed to attend only to the productions of 
these arts, which are, in truth, subservient to 
widely different purposes. Who would conceive, 
for instance, that iron and common salt ; the one a 
metal, the use of which results from its hardness, 
ductility, and malleability ; the other a substance, 
chiefly valuable from its acting as a preservative 
_and seasoner of food,—are furnished by arts alike 
dependent on the general principles of chemistry ? ? 
The application of science, in discovering the 
principles of these arts, constitutes what has been 
termed ECONOMICAL CHEMISTRY; amongst the nu- 
merous objects of which, the following stand most 
distinguished : 
Ist. Metallurgy, or the art of extracting metals 
from their ores, comprehending that of Assaying, 
by which we are enabled to judge, from the cam- 
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position of a small portion, of the propriety ‘of 
working large and extensive strata. To the me- 
tallurgist, also, belong the various Modifications 
of the metals when obtained, and the: union of 
them together, in different proportions, so as to 
afford compounds adapted to particular uses.— 
Throughout the whole of this art, much practical 
knowledge may be suggested by attention to the 
general doctrines of chemistry. The artist may 
receive useful hints respecting the construction of 
furnaces for the fusion of ores and metals; the 
employment of the proper fluxes ; the utility of 
the admission or exclusion of air; and the con- 
version of the refuse of his several operations to 
useful purposes. When the metals have been 
separated from their ores, they are to be again 
subjected to various chemical processes. Cast 
or pig iron is to be changed into the forms of 
wrought ormalleable iron and of steel. Copper, 
by combination with zinc or tin, affords the 
various compounds of brass, pinchbeck, bell-metal, 
gun-metal, &c. Even the art of printing owes 
something of its present unexampled perfection to 
the improvement of the metal of types. 

_ 2d. Chemistry is the foundation of those arts 
that furnish us with saline substances, an order of 
bodies highly useful in the business of common 
life. Among these, the most conspicuous are, 
_ sugar in all its various forms; the vegetable and 
mineral alkalis, known.in commerce by the names 
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of potash, pearlash, and. barilla;, common: salt 3 
green and blue vitriol, and, alum; nitre or’salt. 
petre ; sugar of lead; borax; anda long Heres 
which it is needless to extend farther. 

3d. The manufacturer of glass, and of vite 
kinds of pottery and porcelain, should be thoroughly 
acquainted with the nature of the substances. he 
employs: with their fusibility, as affected by dif 
ference of proportion, or by the admixture of 
foreign ingredients; with the means of regulating 
and measuring high degrees of heat; with the 
principles on which depend the ‘hardness of. his 
products, and their fitness for bearing the vicissi- 
tudes of heat and cold; and with the chemical 
properties of the best adapted colours and glazings. 
—Lven the humble art of making bricks and tiles 
has received, from the chemical knowledge of 
Bergman, the addition of several interesting facts. 

4th. The preparation of various kinds of fer-— 
mented liguors, of wine, and ardent spirits, is in- 
timately connected with ‘chemical principles. 
Malting, the first step in the production of some 
of these liquors, consists in the conversion’ of part. 
of the grain into saccharine matter, essential in 
most instances to the success of the fermentative 
change. To acquire a precise acquaintance with 
the circumstances, that’ favour or retatd the pro- 
cess of fermentation, no small share of chemical 
knowledge is, required. The brewer should be 
able to \ascertain, and to regulate exactly, the 
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strength of his infusions, which will vary greatly 
when he has seemingly followed the same routine. 
He should be aware of the influence of minute 
changes of temperature in retarding or advancing 
fermentation; of the means of promoting it. by 
proper ferments ; and of the influence of the’ pre- 
sence or exclusion of atmospherical air. A com- 
plete acquaintance with the chemical principles of 
his art, can hardly fail to afford him essential aid 
in its practice. 

The production of ardent spirits is only a nega 
of the vinous fermentation, and is, therefore, alike 
dependent on the doctrines of chemistry. | 

5th. The arts.of bleaching, dyeing, and printing, 
are, throughout, a tissue of chemical operations. 
It is not unusual to hear the new mode of bleach- 
ing distinguished by the appellation of the che- 
mical method; but it is, in truth, not more de- 
pendent on the principles of this science, than 
the one which it has superseded, nor than the 
kindred arts of dyeing and printing. In the in- 
stances of bleaching, the obligation due to the 
speculative chemist is universally felt and ac- 
knowledged. But the dyer and the printer have 
yet to receive from the philosopher some splendid 
invention, which shall command their respect, 
and excite their attention to chemical science. 
From purely speculative men, however, much less 
is to be expected, than from men of enlightened 
experience, who endeavour to discover the design 
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and reason of each step in the processes of their 
arts, and fit themselves for more effectual obser= 
vation of particular facts, by enipently porenssing 
themselves of general truths... 

‘The objects of inquiry that biicane cevedinh 
to the dyer and printer, are of considerable 
number and importance. The preparation of 
goods for the reception of colouring matter; the 
application of the best. bases, or means of ‘fixing: 
fugitive colours; the improvement of colouring: 
ingredients themselves; andthe means of fen- 
dering them permanent, so that they shall not -be- 
affected .by soap, or by. the accidental .contact of. 
acids or other corrosive bodies; are among the 
subjects of chemical investigation.. It.is. the. 
business of the dyer, therefore, to. become: a} 
chemist ; and he may be assured that, even.if ‘no 
brilliant discovery should be the reward of the: 
acquisition, he will yet be better fitted by. it for: 
conducting common operations, with certain and. 
unvaried success. ; 

6th. The tanning and picoorabion of Liatie are: 
processes strictly chemical, which were involved i ins 
mystery, till they were reduced to well established’ 
principles by the researches of Seguin, and by; 
the subsequent experiments of Davy. In this, as - 
in most other examples, the application of science. 
to the practical improvement of an art, has to» 
encounter the obstacles of ignorance and. pres» 
judice. But the interests of men are sure finally 
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to prevail ;°and the most bigotted attachment to 
established forms must. give place to the clearly 
demonstrated utility of new practices, Such a 
demonstration is generally furnished ‘by some 
artist‘of more enlightened views than his neigh- 
bours, who has the spirit to deviate from ordinary 
rules; and thus becomes (not unfrequently with 
some personal sacrifice) a model for the imita- 
tion of others, ‘ands an Hinportane benefactor of 
mankind.’ 3 
~ Many other chemical arts — might be enume- 
rated; but enough, I trust, has been said, to 
evince the connexion between practical skill and 
the possession of scientific knowledge. I shall 
now proceed to develope the plan, on which the 
following course of instruction will be conducted. 
There aretwo methods of delivering the general 
doctrines of chemistry, and the facts connected 
with them, The one consists in a historical de- 
tail of the gradual progress of the science’; and, 
in pursuing this plan, we follow the natural pro- 
gress of the human mind, ascending from parti- 
cular facts to the establishment of general truths. 
But a strong objection to its adoption is, that we 
are thus led into a minuteness of detail, which is’ 
ill suited to the plan of elementary instruction. 
In the other mode of arrangement, we neglect 
wholly the order of time in which facts were dis» 
covered, and class them under general divisions” 
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so framed as to assist the mind in apprehending 
and retaining the almost infinite variety of parti« 
cular truths. witli fs 

In. a classification of the objects of vihevsiaicds 
oe may either begin with those substances, which 
‘are deemed to. be simple, and. proceed gradually 
to the mere complicated;—or we may take 
bodies, as they are usually presented to us, and 
arrange them according to the resemblances of 
their external characters; making the develop: 
ment of their composition a subordinate part of 
the plan. To the former, or synthetic method, 
there is this strong objection,x—that. as we are 
probably still. very remote from a knowledge of 
the true elements of matter, it must be liable, in 
the progress of science, to frequent and funda 
mental changes. It has been found necessary, for 
example, in consequence of Sir H. Davy’s dis- 
coveries, to: remove the fixed alkalis and the earths 
from the class of simple to that of compound 
bodies. Besides, it may be urged, where are we to 
place those substances, which have hitherto resisted 
all attempts at their analysis, and yet have a close 
resemblance, in natural characters, to the bodies 
with which they are now associated? ‘For these 
reasons it appears to me, that one arrangement is 
preferable to another, on no other ground, than 
as itis better adapted for communicating a know- 
ledge of the subject; for all must: be equally ree 


a 


INTRODUCTION. xiii 


mote from that perfection, which cannot be con- 
sidered as attained, till the science of chemistry 
is no longer capable-of improvement. i 

The order, which I have adopted as' most bit 
‘aks is to. commence with those facts, which 
lead most directly to the establishment of géneral 
principles. . Attraction or affinity, as the great 
cause of all chemical changes, and as admitting 
of illustration by phenomena that are sufficiently 
familiar, has a primary claim to consideration. 
Next. to that of attraction, the influence of Heat, 
over the forms and. properties of bodies, is the 
most) generally observed fact; and as heat is: a 
power, which is constantly opposed to that of 
affinity, there is the more propriety in contrasting 
their operation. With heat, Light also, as a re- 
pulsive agent, is frequently associated, and elec- 
tricity belongs to the same. class of powers. But 
as the action of electricity consists, chiefly, inef — 
fecting the disunion of chemical compounds, I 
have removed it from that place in the system, 
which seems naturally to belong to it. For before 
we can understand the general laws of electro- 
chemical. agency, it is. necessary to know some- 
thing of oxygen and a few of the inflammable 
bodies; nor can the theory of the excitation of 
galvanic electricity be made at. all intelligible, 
without this previous knowledge. 

The phenomena of heat, and the laws deduced 
from them, conduct us naturally to the great 
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source of that fluid, Whiati will be traced io Fy 
‘class of bodies agreeing, in mechanical proper ties, 
with the air of our atmosphere, and called airs or 
gases. These gases, we shall find, consist partly 
of gravitating matter, and partly of an extremely 
subtile fluid, which impresses on our organs the 
sensation of heat, and is called caloric*. When 
the ponderable ingredients, usually called the 
bases, of these gases, combine together, or with 
other bodies, caloric is given out and new com- 
pounds are generated. It is on the possession or 
absence of the property of decomposing one of 
them, oxygen gas, that a comprehensive division 
has been made of bodies into combustible and 4n- 
combustible. The latter, however, it appears pro. 
bable, are such, only in consequence of being 
already combined with oxygen. Hence we might. 
divide all the variety of substances into oxygen 
and inflammable matter; and of these, the last 
mentioned, it appears not improbable from Sir H, 
Davy’s discoveries, wall turn out to be universally 
| metallic. 

The next class of bodies, that claim our atten- 
tion, includes those compounds, which are formed 
either by the union of the simple gases or of their 
bases. Thus oxygen and nitrogen gases compose 
atmospheric air; and hydrogen and oxygen water. 


‘t Light and electricity are probably, also, constituents of the 
gaseésg > 
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Nitrogen and hydrogen, by. their, union, afford 
ammonia; and with this fluid the fixed alkalis are 
naturally associated. ‘The detail of properties be- 
longing to the alkalis and earths, is, indeed, 4 
necessary preliminary to that of the acids, the 
most important quality of which is, that they con- 
stitute, with the alkalis and earths, the extensive 
class of neutral salts. The consideration of the 
bases of the alkalis and earths has been made to 
follow that of the bodies themselves, because 
these bases are the products of refined and: com- 
plicated operations, which could scarcely have 
been otherwise understood. The fixed. alkalis,. 
also, precede the volatile ones, on account of the: 
singular effects of potassium on ammonia. 

The next class of compounds is, that of acids. 
With each of these I have connected the history 
of its base, when known; for as several of these 
bodies have lost, in consequence of Sir H: Davy’s 
discoveries, their title to be considered as ele- 
mentary, it becomes merely a question of con- 
venience where they should be placed. In treat-. 
ing of the acids, their relation will be traced to 
those bodies only which have already been de- 
scribed; for it would be unseasonable .to detail. 
their action on metals, till that class of substances 
has been specifically discussed. : 

‘Having dismissed the consideration of mii ele- 
mentary bodies as are distinguished by affording 
acids when combined with oxygen, of the pro- 
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perties of acids thus generated, and of the com- 
pounds afforded by the union of acids with alkalis; 
an important division of elementary substances 
will next claim our attention, viz. the metals. 

This class of bodies, it is usual to introduce at 
a much earlier period: but I have adopted a 
different order, from the consideration, that, with 
the previous knowledge of the constitution and 
qualities of acids, the history of the metals may 
be made much more complete; and, especially, 
that all the various modes and phenomena of their 
combinations with oxygen may be more distinctly 
explained. ‘The more complex productions of the 
vegetable and animal kingdoms will be the taps 
step in our progress through the science. 

, For the exclusive adoption of the new doctrines 
of chemistry, and of the nomenclature connected 
with them, no. apology can now be necessary. 
From those who have been in the habit of teaching 
chemistry, both before and_since the revolution 
in this science, we have the strongest testimony, 
that the labour of acquiring a knowledge of it 
is diminished beyond all comparison.—‘ I have . 
adopted the new nomenclature,”’ says Mr. Chaptal,. 
“in my lectures and writings, and I have not 
failed to perceive how very advantageous it is to” 
_ the teacher; how much it relieves the memory; 
how greatly it tends to produce a taste for che- 
mistry ; and with what facility and precision the 
ideas and principles concerning the nature of 
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bodies fix themselves in the minds of the auditors.” 

“We have the approbation, also, of the most dis- 
tinguished metaphysicians of the age, of the con- 
nexion of new doctrines with a new and more 
accurate language. ‘“ The new nomenclature of 
chemistry,”’ it is observed by Mr. Dugald Stewart, 
in his Elements of the Philosophy of the Human 
Mind, ‘ seems to furnish a striking illustration of 
the effect of appropriate and well-defined expres- 
sions, in aiding the intellectual powers; and the 
period is probably not far distant, when similar 
innovations will be attempted in other sciences.” 
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EXPERIMENTAL CHEMISTRY. 


PART If. 


CHAPTER I. | 
OF A CHEMICAL LABORATORY AND APPARATUS. 


A CHEMICAL laboratory, though extremely useful, and 
even essential, to all who embark extensively in the practice 
of chemistry, either as an art, or as a branch of liberal 
knowledge, is by no means required for the performance 
of those simple experiments, which furnish the evidence of 
the fundamental truths of the science. A room that is 
well lighted, easily ventilated, and destitute of any valuable 
furniture, is all that is absolutely necessary for the purpose. 
It is even adviseable, that the construction of a regular 
laboratory should be deferred, till the student has made 
some progress in the science; for he will then be better 
qualified to accommodate its plan to his own peculiar views 
and convenience. | ’ | 
It is scarcely possible to offer the plan of a laboratory, 
which will be suitable to every person, and to all situa- 
tions; or to suggest any thing more than a few rules that 
should be generally observed. Different apartments are 
required for the various classes of chemical operations. 
The principal one may be on the ground-floor; twenty- 
five feet long, fourteen or sixteen wide, and open to the 
roof, in which there should be contrivances for allowing 
the occasional escape of suffocating vapours. This will be 
YOL. I. ie 
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destined chiefly for containing furnaces, both fixed and 
portable. It should be amply furnished with shelves and 
drawers, and with a large table in the centre, the best 
form of which is that of a double cross. Another apart- 
ment may be appropriated to the minuter operations of 
chemistry; such as those of precipitation-on a small scale, 
the processes that require merely the heat of a lamp, and 
experiments on the gases. In a third, of smaller size, may 
be deposited accurate balances, and other instruments of 
-considerable nicety, which would be injured by the acid 
fumes that are constantly spread through a laboratory. 

The following are the principal instruments that are re- 
quired in chemical investigations; but it is impossible, 
without entering into very tedious details, to enumerate all 
the apparatus that should be in the possession of a L practi 
cg ss eg 


ae Furnaces: These may. he formed oe of solid 
brick-work, or of such materials as admit of their removal 
from place to place. 

The directions generally. laid down 5 in clementars books 
of chemistry, for the construction of FIXED FURNACES, 
appear to me deficient in precision, and such as a work- 
man would find it difficult to pnt in practice. I have, 
“therefore, given plans and. sections, in the last two plates, 
of the various kinds of furnaces: and, in the Appendix, 
minute instructions will be found for erecting them *, 

. “The furnaces of most general utility are, Ist, the Wind 
Furnace, in which an intense heat is capable of being ex- 
cited for. the fusion of metals, &c. In this furnace, the 
body submitted to the action of heat, or the vessel contain- 
ing it, is placed.in contact with the burning fuel... Fig. 60 
exhibits one of the most common construction. Fig. 61 
is. the section of a wind furnace; the plan of which was 
-obligingly communicated to me by Mr. Knight, of Foster- 
lane, London, to whom, also, I am indebted for that repre- 


: _* See the Description of the #th and 8th plates in the Appendix. 
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sented, fig, 62.. The wind furnace of Mr. Chenevix is 
shown by fig..74. .2dly, The Evaporating Furnace is formed 
of iron plates, joined together by rabbiting, and placed 
over horizontal returning flues of brick, Figs. 64 and 65, . 
are two views of this furnace, as recommended by Mr. 
Knight, When evaporation is performed by the naked - 
fire, the vessel may be placed on the top of the furnace, 
fig. 60 or 61; and when effected through the intervention 
of a water bath, a-shallow kettle of water, in which is 
placed the evaporating dish and its contents, may be set in 
the same situation. For the purposes of evaporating li- 
quids, and drying precipitates on a small scale, at a tem- 
perature not exceeding 212° Fah‘. a convenient apparatus 
is represented by fig. 27. 3dly, The plan of a Reverle- 
ratory Furnace is exhibited by figs. 66, 67, and 68. 4thly, 
The Furnace for Distilling by a Sand Heat is constructed by 
setting upon the top of the brick-work, fig. 60, the iron 
pot, fig. 71; a door being made in the side ia the furnace 
for introducing fuel. Distillation by the naked fire is per- 
formed with the wind furnace, figs. 62,63. Sthly, The 
Cupelling, or Enamelling Furnace, is shown by figs. 69, 70. 

Portable furnaces, however, are amply sufficient for all 
the purposes of the chemical student, at the outset of his 
pursuit. The one which I prefer is that shown by figs. 58 
and 59. It was originally contrived, I believe, by Mr. 
Schmeisser *; and is made, with considerable improve- 
ments, and sold by Mr. Knight. Its size is so. small, that 
it may be set on a table, and the smoke may be conveyed 
by an iron pipe, into the chimney of the apartment. In 
the furnace, as it is usually sold, the chimney, adapted for 
distillation with a sand heat, passes directly through the 
sand-bath, the form of which is necessarily altered, from 
the common to a very inconvenient one. JI have found it a 
_ great improvement to make the aperture for the chimney 
atk. This allows us to have a sand-bath of the usual 
shape, as‘ shown by fig. 593; or even to ina sane 


£ See his Minexality, Tab. iii. and iv, 
B 2 
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dishes, or a small boiler, on the top of the furnace. ‘The 
aperture ‘may be closed by a stopper, when we dispose the 
furnace as shown by fig. 28. Dr. Black’s furnace is gene- 
rally made of a larger size, and is adapted to operations on 
a more considerable scale. (See figs. 72 and 73.) Both 
these furnaces are constructed of chins iron plates, and are 
lined with fire-clay. ‘They will be violas described 1 in 
the references to the plates.» 

_ For the purpose of exciting a sudden heat, and of raising 
it to great intensity, nothing can be better adapted than a 
very simple, cheap, and triienilts furnace, contrived by Mr. 
Charles Aikin, fig. 55. It is formed. out of pieces of black- 
lead melting pots, in a manner to be afterwards described ; 
and is supplied with air by a pair of double bellows, d. 
By a: slight. alteration, this furnace may occasionally be 
employed for the operation of cupelling. (See fig. 57.) - 


II. For containing the materials, which are to be sub- 
mitted to the action of heat in a wind furnace, vessels 
called cruciBLES are employed. They are most com- 
monly made of a mixture of fire clay and sand, occasion- 
ally with the addition of plumbago, or black lead. ‘Fhe. 
Hessian crucibles are best adapted for supporting an intense 
heat without melting; but they are Kable to crack when 
suddenly heated or cooled. The porcelain ones, made by 
Messrs. Wedgwood, are of much purer materials, but are 
still more apt to crack on sudden changes of temperature; 
and, when used, they should, therefore, be placed in a com- 
mon crucible of larger size, the interval being filled with. 
sand. .The black-lead crucibles resist very sudden changes 
of temperature, and may be repeatedly used ; but they are 
destroyed when some saline substances’ Gack as nitre) are 
melted in them, and are consumed by a current of air. 
For certain purposes, crucibles are formed of pure silver, or 
platina. Their form varies considerably, as will appear 
from inspecting plate vi. figs. 49, 50, 51, and 54... It is ne- 
cessary, in all cases, to raise them from the bars’of the grate, 
by a stand, fg. 53, a ord. For the purpose of submitting, 


CHAP. Ie CHEMICAL APPARATUS, 5 


substances to the continued action of a red heat, and with a 
considerable surface exposed to the air, the hollow arched 
vessel, with a flat bottom, fig. 52; termed a muffle, is com- 
monly used. In fig. 69, q, e, the muffle is’ shown, placed i in 
a furnace for use. hie 


‘ I. Phirchaninks VESSELS should always be of a flat 
_ shape, so as to expose them extensively to the action of 
heat. (See asection.of one, fig. 12.) . They are formed of 
glass, of earthen ware, and. of various metals. Those of 
glass, are with difficulty made ‘sufficiently thin, and are 
often..broken by changes of temperature ;. but they have a 
great.advantage in the smoothness of their surface, and in 
resisting the action of most acid and corrosive substances. 
Kvaporating vessels of porcelain, or Wedgwood’s ware, are 
next in utility, are less costly, and less liable to be cracked. 
They are.made both. of glazed and unglazed ware. For 
ordinary purposes the ewe are to be preferred; but the 
unglazed should: be employed when great accuracy is re- 
quired, since the glazing is acted on by several chemical 
substances.. Evaporating vessels of glass, or porcelain, are 
generally bedded, up te their edge, in sand. (see fig. 65) ; 
but. those of various metals are placed immediately over the 
naked fire. _ When the glass or porcelain vessel is very thin, 
and of small. ‘size, it may be safely placed on the ring of the 
brass, stand, plate i. fig. 13, and the flame of an Argand’s 
lamp, cautiously regulated, may be applied beneath it. A 
lamp.thus supported, so as to be raised or lowered, at plea- 
sure, on an upright pillar, to which rings, of various diame- 
ters, are adapted, will be found extremely useful; and, when 
a strong heat is required, it is adviseable to employ a lamp, 
provided with double concentric wicks. 


IV. In the process of evaporation, the vapour for the 
most part is allowed to escape; but of certain chemical 
processes, the collection of the volatile portion is the prin- 
cipal object. This process is termed, DISTILLATION. It is 
performed in vessels of various forms and materials. The 
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common still is so generally known, that a representation of 
it in the plates was deemed unnecessary *. It consists of a: 
vessel, generally of copper, shaped like a tea-kettle, ‘but: 
without its spout and handle. Into the opening of this: 
vessel, instead of a common lid, a hollow moveable head is 
affixed, which ends in a narrow, open pipe. This pipe is 

received intoanother tube of lead, which is twisted spirally, 

and fixed in a wooden tub, so that it may be surrounded by 
cold water. (Fig. 40, dd.) “When the apparatus is to be 
used, the liquid intended to be distilled is poured into the 
body of thestill, and the head is fixed in its place, the pipe,’ 
which {terminates it, being received into the leaden worm. 
The liquid is raised into vapour, which passes into the worm, 

is there condensed by the aaa cold ia net flows 
out atthe lower extremity. Dsryere 

_ The common still, however, can oily be siibnyéa fot 
volatilizing substances that do notact on copper, or other 
metals, fand is, therefore, limited’ to very few operations. 
The vessel, fig. 2, is of glass, or earthen ware, and is also 
intended for distillation. It is termed an alembic, and con’ 
sists of two parts; the body @ for containing the materials, 
and the head J by which the vapour is’ condensed ; the pipé 
conveying it toa receiver, Vessels, termed retorts, how- 
ever, are more generally used.’ Fig, 1)'a shows the common 
form, and fig. 13, @ represents a stoppered, or tubulated res 
tort. Retorts are made of glass, of earthen ware, or of 
metal, When a liquid is to'be added at distant intervals 
during the process, the best edntrivance is that shown fig 26, 
a, consisting of a bent tube, with a‘funnel at the upper reife 

When the ner is introduced at first, it is done either 
through the tubulure, or, si wi a Lhe ahi ae sii 
Fatih fig. 10. 

To he retort, a receiver is a “ope appendage; and 
this may either be plain,’ fig. 1, b, or tubulated, as shown 
by the dotted lines at c. To some receivers a pipe isiadded 
(fig. 13, ), wich Sedo eaten oo into @ Re ecg 


* See iki Clini Dict: ph, il, fig. St. 


CHAP, I CHEMICAL APPARATUS. q 


This vessel, which is. principally useful. for enabling us te 
remove the distilled liquid, at different periods of the pro- 
cess, is termed a quilled recewer. For some purposes, , it 
is expedient to have the quilled part accurately ground: 
the neck of. the bottle, c, which should then be furnished 
with a tubulure, or second neck, having a ground. stopper, 
and should be provided, also, with a bent’ tube, to.be oc- 
casionally applied, for conveying away any gases that may 
be produced. ‘The condensation of the vapour is much 
facilitated, by lengthening the neck of the retort with an 
adopter (fig. 11), the: wider end of which slips over the 
retort neck, while its narrow extremity is admitted into on 
mouth of the receiver: (See fig. 63.) 

_ Heat may. be applied. to the retort~in several snochet 
When the vessel is of earthen ware, and when the distilled 
substance requires a strong heat to raise it into vapour, the | 
naked fire is applied, as shown fig. 63. Glass retorts are 
generally: placed in heated sand (fig. 59); and, when of a 
small size, the flame of an -Argand’s lamp, cautiously re= 
gulated, may be conveniently used (fig. 13). 

In several instances,. the substance raised by distillation 
is partly a condensable* liquid, and partly a gas, which is 
not condensed till it is brought into contact with water. 
To effect this double purpose, a series of receivers, termed 
Wouife’s Apparatus, is employed. The first receiver. (0, 
fig. 0) has a right-angled glass tube, open at both ends, 
fixed into its tubulure; and the other extremity of the 
tube is made to terminate beneath the surface of distilled 
water, contained, as high as the horizontal dotted line, in 
the three-necked bottle c.° From another neck of this 
bottle, a second pipe proceeds, which ends, like the first, 


under water, contained in a second bottled. Tothe cen —. 


tral neck a straight tube, open at both ends, is fixed, so that 
its lower end may be a little beneath the surface of the 
tiquid. Of these bottles any number may be employed that 
is thought necessary. 

The materials being introduced into the retort, the ar- 
zangement completed, and the joints secured in the manner 
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to be presently described, the distillation is begun “The 
condensable vapour collects in a liquid form in the balloon 
b,.while the evolved gas passes through the bent pipe, be- 
neath the surface of the water in co, which continues tovab- 
sorb it till saturated. When the water of the first bottle 
can absorb no more, the gas passes, uncondensed,; through 


_the second right-angled tube, into the water of the second 


bottle, which, in its turn, becomes saturated. Any gas that 
may be produced, which is not absorbable by water, escapes 
through the bent tube e, and may be collected, if necessary. 

Supposing the bottles to be destitute of the middle necks, 
and, consequently, without. the perpendicular tubes, the 
process would be liable to be interrupted by an accident: 
for if, in consequence of a diminished temperature, an ab- 
sorption. or condensation of gas should take place, in the 
retort a, and, of course, in the balloon b, it-must necessarily 
ensue that the water of the bottles c and d would be forced, 
by the pressure of the atmosphere, into the balloon, and 
possibly into the retort; but, with the addition of the cen- 
tral tubes, a sufficient quantity of air rushes through them 
to supply any accidental vacuum. This inconvenience, 
however, is still more conveniently obviated by Welther’s- 
tube of safety (fig. 31. 4), which supersedes the expediency 
of three-necked bottles. The apparatus being adjusted, as 
shown by the figure, a small quantity of water is poured 


into the funnel, so as to about half fill the ball 4. When 


any absorption happens, the fluid rises in the ball, till none 
remains in the tube, when a quantity of air immediately 
rushes in, Qn the other hand, no‘gas can escape, because 
any pressure from within is instantly followed by the forma- 
tion of a high column of liquid in the perpendicular part, 
which resists the egress of gas, ‘This ingenious invention I 
can recommend, from ample experience of its utility. 

‘Very useful alterations in the construction of Woulfe’s 
apparatus haye been contrived also by Mr, Pepys and Mr. 
Knight. That of the former is shown (fig. 32), where the 
balloon 2 is surmounted by a yessel accurately ground to it, 
and furnished with a glass valve, resembling Pas affixed 


is 
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to Nooth’s apparatus. This valve allows gas to pass freely 
into the vessel, c, but prevents the water which it contains 
from falling into the balloon. Mr. Knight’s improvement 
is described, and 5 lel in a plate, in the Bhilsagpae 
Magazine, vol. xx*; | C 

“When a volatile substance is yiidtihe to distillation, it 
is necessary to prevent, the escape of the vapour through 
the junctures of the vessels; and this is accomplished by 
the application of tures. The most;simple method of con- — 
‘fining the vapour, it is obvious, would be to connect the 
laced of juncture accurately together by grinding; and 
accordingly the neck of the retort is sometimes ground to 
the mouth of the receiver... This, however, adds too much 
to the expense of apparatus to be generally practised. 

. When the distilled liquid has no corrosive property (such 
as water, alcohol, ether, &c.), slips of moistened bladder, 
or of paper, or linen, spread with flour paste, white of egg, 
or mucilage of gum arabic, sufficiently answer the purpose. 
The substance which remains, after expressing the oil from 
bitter almonds, and which is sold under the name of al- 
mond-meal, or powder, forms a useful lute, when mixed, to. 
the consistency of glaziers’ putty, with water or mucilage. 
For confining the vapour of acid, or hixhly corrosive sub- 
stances, the re lute is well adapted... It is formed. by 
beating perfectly dry and finely sifted tobacco pipe-clay, 
with painters’ drying oil, to such a.consistence that it may 
be moulded by the hand. The same clay, beat up with as 
much sand as it will bear, without losing its tenacity, with 
the addition of cut tow, or of horse-dung, and a proper 
quantity of water, furnishes a good lute, which has the ad- 
vantage of resisting a considerable heat, and is applicable 


* Another modification of this apparatus, by Mr. Murray, is repre- 
sented in Nich. Journ. 8vo. vol.iii. or in Murray’s System of Chemistry, 
vol. i. plate v. fig. 40. Fig. 41 of the same plate exhibits a cheap and 
simple form of this apparatus, contrived by the late Dr. Hamilton, and 
depicted originally in his translation of Berthollet on Dyeing. Mr. 
Burkitt’s improvement of this apparatus rine ih be seen in Nicholson’s 
#ournal, 4to. vol. v..349. 
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in cases whete the fat lute would be melted or destroyed. 
Various other utes are recommended ‘by chemical writers; 
but the few that have been scpeiepulei I find to be amply 


_ sufficient for every purpose. 


On some occasions, it ig necessary to seesiter the retort 
from too sudden changes of temperature, by a proper coat- 
ine.» For glass retorts, a~mixture ‘of common clay, or 
Joam, with sand, and cut shreds of flax, may be employed. 
If the distillation be performed by a sand heat, the coating 
needs not to be applied higher than that part of the retort 
which is bedded in sand; but if the process be performed 
in a wind furnace (fig. 63), the whole body of the retort, 
and that part of the neck also which is exposed to heat, 
must be carefully coated. To this kind of distillation, 
however, earthen retorts are better adapted; and they may 
be covered with a composition originally recommended b 
Mr. Willis. ‘Two ounces of borax are to be dissolved in a 
pint of boiling water,. and a sufficient quantity of slaked 
lime added, to give it the thickness of cream. This‘is to 
be applied by a painter’ s brush, and allowed to dry. Over 
this a thin paste is afterwards to .be applied, formed of - 
slaked lime and common linseed-oil, well mixed and per- 
fectly plastic. Ina day or two, the coating will be suffi- 
ciently dry to allow the use of the retort. } 

- For joining together the parts of iron. vessels, used in 
distillation, a mixture of the finest China clay, with solu< 
tion of borax, is well adapted. In all cases, the different _ 
parts of any apparatus made of iron should be accurately 


fitted by boring and grinding, and the above lute is to be 


applied to the part which is received into an aperture: 
This will generally be sufficient without any exterior 
luting; otherwise the lute of ye sand, and flax, already 
described, may be used. 

In every instance, where a lute or coating is applied, it 
is adviseable to allow it to dry before the distillation is 
begun; and even the fat lute, by exposure to the air during 
one or two days after its application, is much improved in. 
its quality. ‘The clay and sand lute is perfectly useless 
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except it be previously Gaie ‘dry. In applying. a lute, the 
part immediately over the juncture should swell outwards, 
and its diameter should be gradually diminished on each’ 
side, (See fig. 13, where the luting is shown, oe tothe | 
; jenn of the retort and reeeivess) 

Besides ‘the apparatus already Klesdeitiee a wotioty of 
vessels and instruments are necessary, having little resem- 
blance to each other, in the purposes to whieh they are 
adapted. Glass vessels are required for effecting solution, 
which often requires the application of heat, and some- 
times for a considerable duration. In the latter case, it is 
termed digestion, and the vessel, fig. 4, called a mattras, 
is the most proper for performing it. When solution is 
required to be quickly effected, the bottle, fig. 5, with a 
rounded bottom, may be used; or a common Florence oil 
flask serves the same purpose extremely well, and bears, 
without cracking, sudden changes of temperature. For 
| precipitations, and separating liquids from precipitates, the 
decanting-jar (fig. 14), will be found useful; or, if preferred, 
it may be shaped as in fig. 26, f. Liquids, of different 
specific gravities, are separated by the vessel, fig. 3; the 
heavier fluid being drawn off through the cock é, and air 
being admitted by the removal of the stopper a, to supply 
its place. Glass rods, of various lengths, and spoons of the 
same material, or of porcelain, are useful for stirring acid 
and corrosive liquids; and a stock of cylindrical tubes, of 
various sizes, is required for occasional purposes. It is ne- 
cessary also to be provided with a series of glass measures, 
graduated into drachms, ounces, and pints. 

For the drying of precipitates, and other substances, by 
a heat not excéeding 212°, a'very useful apparatus is sold 
im London. It is représetited, supported by the ring of a 
lamp-stand, by fig. 27. The vessel a@ is of shestiron “or 
copper japanned and hard-soldered; ¢ is a conical vessel 
of very thin glass, having a rim, which prevents it, when in 
its place, from entirely slipping into a; and d is a moveable 
ring, which keeps the vessel c in its place. When the 
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apparatus is In use, water is poured into a about as high as 
the dotted line; the vessel c, containing the substance to be 
dried, is immersed in the water, and secured by the ring d ; 
and the whole apparatus set over an Argand’s lamp. The. 
steam escapes by means ofthe chimney 0, through, which a 
little hot water may be occasionally poured, to supply the 
waste by evaporation. By changing the shape of ¢ tothe 
segment.of a sphere, still retaining the rim, I have found it | 
a most. convenient vessel for. evaporating fluids, 
_ Accurate beams and scales, of various, sizes, with, cor-. 
responding weights, some of which are capable of weighing 
several pounds, while the smaller. size ascertains a minute 
fraction of a grain, are essential instruments in the clemical 
laboratory. So also are mortars of different materials, such 
as of glass, porcelain, agate, and metal... Wooden stands, 
of various kinds, for, supporting receivers, should be pro- 
ided*. For purposes of this sort, and, for occasionally 
raising to a proper height any article of apparatus, a series 
of iceks made of well seasoned. wood, eight inches (or any 
other number) square, and. Sommtety eight, four,. two, 
ene, and half an inch in thickness,,will be found extremely 
seful; since, by combining them in different : ways, thirty- 
one ‘different heights may be obtained. . 
‘The biow-pipe is an instrument of much utility in che- 
mical researches. A small one, invented by Mr. Pepys, 
with a flat cylindrical box for condensing the vapour of the 
breath, and for containing caps, to be occasionally applied. _ 
with ‘apertures of various sizes, is perhaps the most com- . 
modious form}. One of a much smaller size, for carrying. - 
in the pocket, has been contrived by Dr. Wollaston, and 
may be had from Mr. Knight, of Foster-Lanet. A blow- 
pipe, which is supplied with air from a pair of double 
bellows, worked by the foot§, may be applied to purposes 


* See Aikin’s Chem. Dict. pl. iv. fig. 59, e. 
t See Aikin’s Chem. Dict. pl. vii. fig. 74, 72, 73. 
} It is described in Nich, Journ. xv. 284. 

§ Phil. Mag. xi. 280, 
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that require both hands to be left at liberty, and will be 

found useful in blowing glass, and in bending tubes. The 
latter purpose, however, may be accomplished by holding 
them over an Argand’s lamp with double wicks. Occasion- 
ally, when an intense heat is required, the flame of the blow- 
pipe, instead of being supported by the mouth, may be kept 
up by a stream of oxygen gas, expelled from a bladder or 
from a gas-holder*. 

In the course of this work, various other articles of ap= 
paratus will be enumerated, in detailing the purposes to 
which they are adapted, and the principles on which they 
are constructed. It must be remembered, however, that 
‘it is no part of my object to describe every ingenious and 
complicated invention, which has been branlaved in the 
investigation of chemical science: but merely to assist the 
student in attaining apparatus for general and ordinary 
purposes. For such purposes, and even for the prosecution 
of new and important inquiries, very simple means are 
sufficient; and some of the most interesting chemical facts 
may be exhibited with the aid merely of Florence flasks, of 
common vials, and or a yine=glasses. In converting these 
to the purposes of apparatus, a considerable saving of ex- 
pense will accrue to the experimentalist; and he will avoid 
the encumbrance of various instruments, the value of which 
consists in show, rather than in real utility. 

In the selection of experiments, I shall generally choose 
such as may be undertaken by persons not possessed of an 
extensive chemical’ apparatus. On some occasions, how- 
ever, it may be necessary, in order to complete the series, 
that others should be included, requiring, for their per- 
formance, instruments of considerable nicety. ‘The same 
experiment may, perhaps, in a few instances, be repeatedly 
introduced in illustration of different principles; but this 
repetition will be avoided as much as possible. Each ex- 
periment will be preceded by a brief enunciation of the 
general truth which it is intended to illustrate. 


* See a representation of the apparatus for this purpose, im the 
Chemical Conversations, pl. ix. 
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CHAPTER I. 
OF CHEMICAL AFFINITY. 


ALL bodies, composing the material system of the uni- 
verse, have a mutual tendency to approach each other, 
whatsoever may be the distances at which they are placed. 
The operation of this force extends to the remotest parts of 
the planetary system, and is one of the causes that preserve 
the regularity of their orbits. The smaller bodies, also, 
that are under our more immediate observation, are ins 
fluenced by the same power, and fall to the Earth’s surface, 
when not prevented by the interference of other forces, 
From these facts, the existence of a property has been in- 
ferred, which has been called attraction, or more specifically 
the attraction of gravitation. Its nature is entirely un- 
known to us; but some of its laws have been investigated, 
and successfully applied to the explanation of phenomena. 
Of these, the most important are, that the force of gravity 
acts on bodies directly in proportion to the quantity of 
matter in each; and that it decreases in the reciprocal pro- 
portion of the squares of the distances. | 
_ From viewing bodies in the aggregate, we may next, 
proceed to contemplate them as composed of minute par- 
ticles. Of the nature of these particles, we have no satis~ 
factory evidence. It is probable that they consist of solids, 
which are incapable of mechanical division, but are still 
possessed of the dimensions of length, breadth, and thick- 
ness. In simple bodies, the particles must be all of the 
same nature, or homogeneous. In compound bodies, we are 
to understand, by the term particles, the smallest parts into 
which bodies can be resolved without decomposition. The 
word atom has of late been revived, to denote both these 
kinds of particles ; ; and we may, therefore, speak with pro- 
priety of simple atoms and of compound atoms. ‘When two. 
atoms of different kinds unite to form a third or eompeund 
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atom, we may term the two first component atoms; and if 
these have not been decomposed, they may be called eles 
mentary atoms. 

The atoms or particles of bodies are also influenced by 
the force of attraction, but not unless when placed in appa- 
rent contact. Hence a distinction has been made between 
gravitation, and that kind of attraction, which is effective 
only at insensible distances! The latter has been called 
contiguous attraction or affinity; and it has been distinguish- 
ed, as it is exerted between particles of matter, of the same 
kind, or between particles of a different kind. _ 

By the affinity of aggregation, the cohesive affinity, or, 
more simply cohesion, is to be understood that force or 
power, by which particles or atoms of matter of the same hind 
attract each other, the only effect of this affinity being an 
ageregate or mass. ‘Thus a lump of copper may be con- 
sidered as composed of an infinite number of minute par- 
ticles or integrant parts, each of which has precisely the 
same properties, as those that belong to the whole mass. 
These are united by the force of cohesion. But if the 
copper be combined with another metal (such as zinc), we 
obtain a compound (brass), the constituent parts of which, 
copper and zinc, are combined by the power of chemical 
affinity. In simple bodies, therefore, cohesion is the only 
force exerted between their particles. But in compound 
bodies, we may distinguish the force, with which the com- 
ponent atoms are united, from that which the compound 
atoms exert towards each other; the former being united 
by chemical affinity, and the lather by the bohesire at- 
traction, | 


SECTION f. 
Of Cohesion, Solution, and Crystallization. | 
Tue cohesive affinity is a property, which is common to 


a great variety of bodies. It is most strongly exerted in 
1 | : 
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solids; and in these it is proportionate to the mechanical: 
force required for effecting their disunion. In liquids, it’ 
acts with considerably less energy; and in aériform bodies’ 
we have no evidence that it exists at all; for their particles, 
as will afterwards be shown, are mutually repulsive, and, if 
not held together by pressure, would probably separate to’ 
immeasurable distances. Its force is not only different 

_among ‘different bodies, but in various states of the same’ 
body. Thus in the cohesion of certain metals (steel for in- 

stance), important changes are produced by the rate of 
cooling, by hammering, and by other mechanical operations. 
Water, also, ina solid state, has considerable cohesion, 

which is much diminished when it becomes liquid, and is 

entirely destroyed when it is changed into vapour. 

The most important view, in which the chemist has to 
consider cohesion, is that of a force either counteracting or 
modifying chemical affinity ; for the more strongly the 
particles of any body are united by this power, the less are 
they disposed to enter into combination with other bodies. 
In many cases, a very powerful affinity between two sub- 
stances may be rendered wholly inefficient, by the strong 
cohesion of one or' both of them. Hence it has been re- 
ceived as an axiom, that the affinity of composition 1s in~ 
versely proportionate to the cohesive affinity. To the 
language, however, in which this axiom is expressed, it has- 
been justly objected, that it implies an accuracy of propor- 
tion between the forces of cohesion and of chemical affinity, 
which cannot be proved to exist; since all that can truly be 
affirmed is, in general terms, that the affinity of composition 
is less effective, as the attraction of cohesion is gredter. 

The cohesion of bodies may be overcome, Istly, by me- 
chanical operations, as by rasping, grinding, pulverising, — 
and other modes of division, which are generally employed 
as ‘preliminary steps to chemical processes. In some in- 
stances, even a minuter division of bodies is necessary, than 
can be accomplished by mechanical means; and recourse is 
then had to precipitation. Silica, for example, in the state 
of rock crystal, may be boiled for along time in liquid pot- 
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ash, without any appearance of chemical action. It may 
even be bruised to powder, without being rendered sensibly 
soluble. But when first precipitated from a state of chemical 
solution, it is readily dissolved by that menstruum. 

2dly, Cohesion may be counteracted by heat, applied so 
as to melt one or both of the bodies, if fusible; or to raise 
them into vapour, if volatile... Lead and sulphur contract 
no union, till one or both of them is melted: by heat. 
Axsenic and sulphur are united most effectually, by bringing 
them into contact, when both are in a state of vapour. 

3dly, Cohesion may be counteracted b y solution ; and 
this is so general a condition of chemical union, that it was 
formerly received as an axiom, that Lodies do not act on each 
other, unless one or both are ina state of solution; a principle, 
to which the progress of chemical science has since dis- 
covered many exceptions. 

The term solution is applied to a very extensive class of 
phenomena. When a solid disappears in a liquid, or when 
a solid or liquid is’ taken up by an aériform body, if the 

compound exhibit perfect transparency, we have, in each 
instance, an example of solution. The expression is ap- 
plied, both to the act of combination, and to the result of 
the process. When common salt, such as is used in 
cookery, is agitated with water, it disappears; in other 
words, its solution takes place; and we also term the liquid 
which is obtained, a solution of salt in water. This is one 
of the simplest cases that can be adduced, of the efficiency . 
of chemical. affinity; for solution is always the result of an 
affinity between the fluid and the solid which is acted upon, 
sufficient in force to overcome the cohesion of the solid. 
This affinity. continues to act, until, at length, a certain 
point -is attained, where the affinity of the solid and fluid 
for each other is overbalanced by the cohesion of the solid, 
and ‘the solution cannot be carried farther. This point is 
called: saturation, and the saute obtained i is termed a saturated 
sohution, : 
_ With respect to common salt, water acquires no increase. 
of its Solvent power by the application of heat. But there 
YOU. I. c 
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are various salts with which water may be saturated at the 

common temperature of the atmosphere, and will yet be 

capable of dissolving a still farther quantity by an increase 

of its temperature. When a solution, thus charged with 

an additional quantity of salt, is allowed to cool, the second 

portion of salt is jacana in a form fmenilite its Oris 
- ginal one. 

To recover a salt from its citations, if its solubility dow 

not vary with the temperature of the ‘solvent, asin the in- 

stance of common salt, it is necessary to expel a portion of 
the fluid by heat. This constitutes the process of evapdra- — 
tion. If the evaporation be carried on very ‘slowly, ‘so that 
the particles of the solid may approach each other in the 
way best adapted to them, we obtain ‘solid fioures, of a 
regular shape, called crystals. The crystallization ofia solid 
may also take place from that state of fluidity which is pro- 
duced by heat. ‘Thus several of the metals crystallize on 
cooling from melted state; and some Volatile bodies, a 
arsenic, assume, when condensed from the state of es 
the shape of regular crystals. 

‘In the act cof separating ‘from ‘the water in ‘eta they 
were dissolved, the ‘crystals of almost ull salts Garry ‘with thein 
2 quantity of water, which is ‘essential to the regalarity of 
their form, “and ‘cannot be expelled without reducing them _ 
to ‘ebipetess masses. it is termed their water of crystallia 
zation. Its proportion Variés im ‘different ‘salts; ‘in soitie it 
is extremely stalls in ‘others it constitutes ‘the principal 
part‘of the’ salt, and is even so abundant, as to igitefy 
them ‘on the application of heat, producing whit is ¢alled 
the watery fusion, The water of érystallization ‘is Yetuined 
also in different salts with very different depres Of forée. 
Sonie crystils, which lose ‘their watery’ ‘ingredient by HePe 
exposure 'to the atmosphere, dre said to efforé&sce. Others, 
on the contrary, not only hold their water oferystallization 
very strongly, but even ‘attract more; ‘and, ‘on exposure to 
the atmosphere, become liquid, or deliquiate. T he property 
itself is called deliquescence.. 

» When ‘two -salfs are contained in the snitie® ‘sohattony 3 
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which vary in their degree of solubility, and which have 
no remarkable attraction for each other, they may be ob+ 
tained separate. For by carefully reducing the quantity of 
the solvent by evaporation, the salt whose particles have 
the greatest cohesion, will crystallize first. If both salts 
are more soluble in hot than in cold water, the crystals will 
not appear till the liquid cools. But if one of them, like 
common ‘alt, is equally soluble in hot and in cold water, 
crystals will appear, even during the act of evaporation. 
In this way we may completely separate nitre from com- 
mon salt, the crystals of the latter being formed during 
evaporation; while those of nitre do not appear till some 
time after the fluid has cooled. 

‘Salts, which are thus deposited in regular shapes, gene- 
Tally adhere to the surface of the vessel containing the so- 
lution, or to any substance, such as ‘pieces of thread or of 
wood, mtrodueéd for the purpose of collecting them. But 
a still more effectual way of ‘inducing crystallization 
is to immerse, in the solution, a crystal of the same kind 
. -with that which we expect to be formed. The-crystal, thus 
_ exposed, receives successive adiitions to its several surfaces, 
and preserves its form, witha considerable addition to its 
magnitude. This curious fact was originally noticed by 
Le Blane, who has founded ‘on ‘it a method of ee 
Jarge and perfect crystals. 

En ‘some instances, the affinity of a salt for its-solvent isso 
powerful, that it-will not separate from it ‘in the form-of © 
crystals ; ‘but ‘will yet crystallize from another fluid, which 
is capable of dissolving it, and ‘for which it has a-weaker 
affinity. “Pot-ash, ‘for ‘instance, cannot be ‘made to -erys- 
tallize ‘from its-watery-solution, ‘but will -yet separate, ina 
regular form, from ‘its solution in alcohol. 

Every ‘solid, that-is susceptible of crystallization, ‘has @ 

‘tendency‘to assume a peculiar shape. ‘Thus common ‘salt, 

‘when most ‘perfectly crystallized, forms: regular cubes; nitre 

has‘the shape of'a six-sided prism; and alum-that-of an-oe- 

taedron. It had, indeed, been:alleged, as an objection to 
the modern theory ‘of crystallization, that minerals, differing 

. c 2 
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essentially in their composition, have precisely sis same 
primitive form; but this has been shown, by Dr. Wollaston, 
—‘tobea mistake, and that, though the figures are similar, 
their angles, on admeasurement by a nice instrument, differ 
very appreciably *. The same solid, however, admits of 
variations of its crystalline figure. Calcareous spar, for ex- 
ample, forms six-sided prisms, and three or six-sided pyta- 
mids. These varieties are occasioned by accidental cir- 
cumstances, which modify the operation of the force of 
cohesion. The diversities of shape are, on first view, eX- 
tremely numerous; and yet, upon a careful examination — 
and comparison, they are found to be reducible to a small . 
nuinber of simple figures. 

The attempt to trace all the observed forms of crystals to 
a few simple or primary ones, seems to have originated with 
Bergman +. . In the instance of calcareous‘spar, this distin- 
guished chemist demonstrated. that its numerous modifica- 
tions may possibly result from one simple figure, the rhomb, 
by the accumulation of which, in various ways, crystals of 
the most opposite forms may be generated. This theory he 
extended to crystals of every kind; and he accounted for 
the differences of their external figures, by varieties of their 
mechanical elements or minute molecules.. 

‘About the same period with Bergman, or immediately 
afterwards, M. Romé de VIsle pursued still farther the 
theory of the structure of crystals. He reduced the study 

‘of crystallography to principles more exact, and more con-. 
sistent with observation. He classed together, as much as 
-he was able, crystals of the same nature. From among the 
different forms belonging to the same species, he stot: 
for the primitive form, one which appeared to him’ to be 
the most proper, on account of its simplicity. Supposing 
this to be truncated in different manners, he deduced the 
other forms, and established a certain gradation, or series 
_of passages, from the primitive form to complicated figures, 


* Phil. Trans. 1812. 
+ Bergman’s Essays, vol. ii. 
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which on first view would scarcely appear to have any con- 
nexion with it. To the descriptions and figures of the 
primitive forms, he added the mechanical measurement. of 
the principal angles, and showed that these angles are 
constantly the same in each variety. It must be i ckuBies 
ledged; however, that the primitive forms, assumed by this 
philosopher, were entirely imaginary, and not the result of 
any experimental analysis. His method was to frame an 
hypothesis; and then to examine its coincidence with 
actual appearances. On his principles any form might have 
been the primitive one, and any oie have been deduced 
from it. 

It was reserved for the sagacity of the Abbé Hatty to un- 
fold the true theory of the structure of crystals, and to sup- 
port it both by experimental and mathematical. evidence. 
By the mechanical division of a complicated crystal, he first 
obtains the simple form, and afterwards constructs, by the 
varied accumulation of the primitive figure, according to 
mathematical synthesis, all the observed varieties of that 
species. 

Every crystal may be divided by means of proper instru- 
ments; and, if split in certain. directions, presents plane 
and smooth surfaces. If split in other directions, the frac- 
ture is rugged, is the mere effect of violence, and ‘is not 
guided by the natural joining of the crystal. ‘This fact 
had been long known to jewellers and lapidaries; and an 
accidental abode vation of it proved, to the Abbé Haiiy, the 
key of the whole the ty of crystallization. By the skilful 
division of a six-sidéd prism of calcareous spar, he reduced 
it to a rhomb, precisely resembling that which is known 
under the name of Iceland cr ystal. “Other forms of calca- 
reous spar were subjected to the same operation; and, how- 
ever different at the outset, finally agreed in yielding, as 
the last product, a rhomboidal solid. It was discovered 
also by Haiiy, that if we take a crystal of another kind (the 
cubic fluor spar for instance), the nucleus, obtained by. its 
mechanical division, will have a different figure, viz. an 
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ectaedron. Other crystallized bodies produce still differ- 
erit forms ; which are not, however, very numerous. Those 
which have hitherto been discovered, are reducible to six; 
the parallelopipedon, which includes the cube, the. rhomb, 
and all the solids which are terminated by six faces, parallel 
two and two; the tetraedron; the octaedron; the regular 
hexaedral prism; the dodecaedron with equal and similar 
rhomboidal planes; and the dodecaedron with st ina 
planes. 

The solid of the primitive form or nucleus of a crystal, 
obtained by mechanical division, may be subdivided in a 
direction parallel to its different faces. All the sections 
thus produced being similar, the resulting solids are pre- 
cisely similar in shape to the nucleus, and differ from it 
only in size, which continues to decrease as the division ‘is 
carried farther: To this division, however, there must be 
a limit, beyond which we should come to particles so small, 
that they could no longer be divided. At this term, there- 
fore, we must stop: and to these last particles, the result 
of an analysis of the primitive nucleus, and similar to it in 
shape, Haiiy has given the name of the integrant molecule, 
If the division of the nucleus can be carried on in other 
directions than parallel to its faces, the integral molecule 
may then have a figure different from that of the nucleus. 
_ The forms, however, of the integrant molecule, which have 
hitherto been discovered, are only three; the tetraedron, the 
simplest of pyramids; the triangular prism, the simplest of 
prisms; and the parallelopipedon, including the cube:and | 
thomboid, the simplest of solids which have their faces 
parallel two and two. With respect to octohedral crystals, 
there is a difficulty, whether the octohedron, or tetrahedron, 
is to be adopted as the primitive form ; and, whichsoever be 
chosen, since neither of them can fill space without leaving 
vacuities, it 1s not easy to conceive any arrangement, by 
which the particles will remain at rest. To obviate this 
difficulty, Dr. Wollaston has suggested that, in such in- 
stances, the elementary particles may be perfect ‘spheres; 
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and by the due application of spheres to each other, he has 
shown, that a variety of crystalline forms may be pro- 
duced *, 

The primitive form, and that as the integral molecule 
haying been experimentally determined by the dissection 
of a erystal, the next step is to discover the law, according 
te which these molecules are arranged, in order to produce, 
_ by their aceumulation around the primitive figure, the great 
variety of secondary forms. What is most important in the 
discoveries of Haiiy, and what constitutes in fact the essence 
ef his theory, is the determination of these laws, and the 
precise measurement of their action. He has shown that 
all the parts of a secondary crystal, superadded to the pri- 
mitive nucleus, consist of lamine, which decrease gradually 
hy the subtraction of one or more layers of integrant mole- 
eules; so that theory is capable of determining the number 
of these ranges, and, by a necessary consequence, the exact 
form of the secondary crystal. 

By the developement of these laws of decrement, Haiiy 
has shown how, from variations of the arrangement of the 
integrant molecules, a great variety of secondary figures may 
be produced. Their explanation, however, would involve a 
minuteness of detail, altogether unsuitable to the purpose 
of this work; and I refer, therefore, for a very perspicuous 
statement of them to the first and ninth volumes of the 
nin eae uals 


SECTION II. . 
Of Chemical Affinity, and the General Phenomena of 


Chemical Action, 


seednaarais’ affinity, like the cohesive attraction, is effective 
only at insensible distances; but it is distinguished from 


es 
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the latter force, in being exerted between the particles of 
bodies of different kinds. ‘The result of its action is. not-a 
mere aggregate, having the same properties as, the separate 
parts, and differing only by its greater quantity or mass, 
but a new compound, in which the properties of the com- 
ponents have either entirely or partly disappeared, and in 
which new qualities are also apparent. The combinations 
effected by chemical affinity are permanent, and are de- 
stroyed only by the interference of a more powerful force, 
either of the same or of a different kind. | 
As a general exemplification of chemical action, we may 
assume that which takes place between potash and sulphu- 
ric acid. In their separate state, each of these bodies is 
distinguished by striking peculiarities of taste, and by other 
qualities. ‘The alkali, on being added to blue vegetable 
infusions, changes their colour to green; and the acid turns 
them red. But if we add the one substance to the other, 
very cautiously and in small quantities, examining the effect 
of each addition, we shall at length attain a certain point, 
at which the liquid will possess neither acid nor alkaline 
qualities; the taste will be converted into a bitter one; and 
_ the mixture will produce no effect on blue vegetable colours. 
Here then, the qualities of the constituent parts, or at least 
some of .their most important ones, are destroyed by: com- 
bination. When opposing properties thus disappear, the. 
bodies combined have been said to saturate each other; and 
the precise term, at which this takes place, has been called 
the point of saturation. It is adviseable, however, to restrict 
this expression to, weaker combinations, where there is ne 
remarkable alteration of qualities, as in cases of solution ; 
and to apply, to those results of more energetic affinities, 
which are attended with loss of properties, the term neutra- 
lization. : | 
_ At the same time shat the properties of bodies disappear 
on combination, other new qualities, both sensible and che- 
mical, are acquired; and the affinities of the components 
for other substances become in some cases increased, in 
others, diminished in energy. Sulphur, for example, ig 
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destitute of taste, smell, or action on vegetable colours; and 
oxygen gas is, in these respects, equally inefficient. But 
the compound of sulphur and oxygen is intensely acid; the 
minutest portion instantly reddens blue vegetable infusions; 
and the acid is disposed to enter into burauiniation with a 
variety of bodies, for which its components evinced no 
affinity. Facts of this kind sufficiently refute the opinion 
of the older chemists, that the properties of compounds are 
intermediate between those of their component parts; for 
in instances like the foregoing the compound has qualities, 
not a yestige of which can be traced to either of its ele- 
ments. 

It is not, however, in all cases, that the change of pro- 
perties is so distinct and appreciable by the senses, as 
in the instances which have been just now described... In 
some examples of chemical union, the change is scarcely 
perceptible to the eye or the taste, when the chemist is ne- 
vertheless certain that combination must have taken place 
This occurs chiefly in the mixture of saline solutions with 
each other, where a complete exchange of principles en- 
sues, without any evident change of properties. Exam- 
ples of this kind cannot, however, be understood, till the 
subject of complex affinity has been first elucidated. 

The existence of chemical affinity between any two bo- 
dies is inferred, therefore, from their entering into chemical 
combination; and that this has happened, a change of 
properties may be considered as a sufficient proof, even 
though the change may not be very obvious, and may re- 
quire accurate examination to be perceived at all. 7 

The proof, which establishes the nature of chemical 
compounds, is of two kinds, synthesis and analysis. Syn- 
thesis consists in effecting the chemical union of two or 
more bodies; and analysis in separating them from each 
other, and exhibiting them in a separate state. When we 
have a-compound of two or more ingredients, which are 
themselves compounded also, the separation of the coms 
pounds from each other may be called the proximate ana- 
lysis of the body; and the farther separation of these com- 
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pounds inte their most simple principles, its ultimate anas 
lysis. ‘Thus the proximate analysis of sulphate of potash 
consists in resolving it into potash and sulphuric acid ; ; and 
its ultimate analysis is effected by. decomposing the potash 
into potassium and exygen, and the sulphuric acid inte 
oxygen and sulphur. ; 

When the analysis of any sidhateiog has been carried ag 
rt as possible, we arrive at its most simple principles, or 
elements, by which expression we are to. understand, not a 
body that is zcapable of further decompasition, but. only. 
one which has not yet been decomposed. The progress of 
chemical science, for several centuries, past, has consisted 
in earrying still farther the analysis of bodies, and in proving 
those to he compounded, which had before been considered 
as elementary. 

Beside the alteration of properties which usually ACCOM: — 
panies chemical action, there are certain other phenomena, 
which are generally ebseryed te attend it. 

Ast. In almost every instance of chemical union, thespecifie 
gravit y of the compound is greater than might have been 
inferred from that of its components; and this is true hoth 
of weaker and more energetic combinations, When equal 
weights of water and sulphuric acid are made to combine, 
the specific gravity of the resulting liquid is not the mean, 
‘but considerably greater than the mean. The law extends 
also to solids. But though general, it is not uniyersal; for 
in a very few instances, chiefly of aériform fluids, conden: 
sation dees net attend chemical union, And in the coms 
bination of one or two bodies the reverse eyen takes place, 
the compound being specifically lighter than might have 
‘been expected, from the specific gravity of its clements, 
and their proportion to each other, 

edly. When bodies combine chemically, it may be received 
as a general fact, that their demperature changes, Equal 
weights of oil of vitriol and water, both at the temperature 
of 50° of Faht., are heated, by sudden mixture, to consider; 
ably above 212°. In other examples, a contrary effect 
takes place, and a diminished temperature, or, in other 
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words, a production of cold, is observed. This is all that 
it is at present necessary to state on the subject, which will 
be more fully considered when we come to treat of caloric, 

8dly. The forms of lodzes are often materially changed 
by chemical combination. ‘Two solids may, by their union, 
become fluid; or two fluids may become solid. Solids are 
also often changed into aériform fluids; and, in many in- 
stances, the union of two airs, or gases, is attended with 
their sudden conversion into the solid state. By long ex~ 
posure of quicksilver. to a moderate heat, we change it 
from a brilliant liquid into a reddish scaly solid; and by 
heating this solid im a retort, we obtain an aériform fluid, 
or gas, in considerable quantity, and recover a quicksilver 
‘in its original form. 

4thly. Change of colour is a frequent, but not universal 
concomitant of chemical action. In some cases, brilliant- 
colours are destroyed, as when oxymuriatic acid is made 
to act on solution of indigo. In other instances, two sub 
stances, which are nearly colourless, form, by their union, 
a compound distinguished by beauty of colour, as when 
liquid potash is added to very dilute syrup of violets. Cer- 
tain colours appear also tobelong essentially to chemical com~ 
pounds, and to be characteristic of them. Thus 100 parts 
‘of quicksilver, and 4 of oxygen, invariably give a black 
compound ; and the same quantity, slats 8 parts of oxygen, 
a red compound, 
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| ov the Proportions in which Bodies combine ; ei of the 
. Atomic Theory. 


'_ In the chemical combination of bodies with each other, — 
a few leading circumstances deserve to be remarked, 

1st. Some bodies unite in all proportions; for example, 
water and eephatis acid, or water and alcohol. 
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2dly. Other bodies combine in all proportions, as far 
as a certain point, beyond which combination no longer 
takes place. Thus water will take up successive portions 
of common salt, until at length it becomes incapable of dis- 
solving any more. In cases of this sort, as well as in those. 
ieluded under the first head, combination is weak and 
easily destroyed, and the qualities which belonged to the 
: components in their separate state continue to Be apparent 
in the compound. 

3dly. There are many examples in which re unite in 
one proportion only ; and in all such cases the proportion of 
the elements of a compound must be uniform for the species. 
Thus hydrogen and oxygen unite in no other proportions, 
than those constituting water, which, by weight, are very ' 
nearly 114 of the dspier to 881 of the latter, or 1 to 72. 
In cases of this sort, the combination is generally energetic; 
and the characteristic qualities of the components are no 
longer obser vable in the compound. 

athly. Other bodies unite in several proportions ; but 
these proportions are definite, and, in the intermediate 
ones, no combination ensues. ‘Thus 100 parts by weight 
of charcoal combine with 1321 of oxygen, or with 265, 
but with no intermediate quantity; 100 parts of manganese 
combine with 14 of oxygen, or with 28, or with 42, or 
with 56, and with those proportions only. 

Now it is remarkable, that when one body enters into 
combination with another, in several different proportions, 
the numbers indicating the greater proportions are exact 
simple multiples of that denoting the smallest proportion. 
In other words, if the smallest proportion in which B com-_ 
bines with A, be denoted by 10, A may combine with twice 
10 of B, or with three times 10, and so on; but with no 
intermediate quantities. ‘There cannot be a more striking 
instance of this law than that above mentioned, of the 
compounds of manganese with oxygen ; in which the oxy- 
gen of the three jase compounds may be observed to be a 

multiplication of that of the first (14) by the numbers 2, 35 
and 4, Examples, indeed, of this kind have, of late, sé 
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much accumulated, that the law of simple multiples bids 
fair to become universal, with respect at least to chemical 
compounds, the proportions of which are definite. 

Facts of this kind are not only important in themselves, 
but also on account of the generaliz tions that have been 
deduced from them; for on them Mr. Dalton has founded 
what may be termed the Atomic Theory of the chemical Con 
stitution of Bodies. 'Till this theory was proposed, we had no 
adequate explanation ef the uniformity of the proportions of 
chemical compounds; or of the nature of the cause which 
renders combination, in other proportions, impossible. In 
this place I shall offer only a brief illustration of the theory; 
for in the course of the work I shall have occasion to apply 
it to the explanation of a variety of phenomena. 

_ Though we appear, when we effect the chemical union of 
bodies, to. operate on masses, yet it is consistent with the 
most rational view of the constitution of bodies to believe, 
that it is only between their ultimate particles, or atoms, 
that combination takes place. By the term atoms, it has 
been already stated, we are to understand the smallest parts 
of which bodies are composed. An atom, therefore, must 
be mechanically indivisible, and of course a fraction of an 
atom cannot exist. Whether the atoms of different bodies 
be of the same size, or of different sizes, we have no sufh- 
cient evidence. ‘The probability is, that the atoms of dif- 
ferent bodies are of unequal sizes; but it cannot be deter- 
mined whether their sizes bear any regular proportion to 
their weights. We are equally ignorant of their shape; 
but it is probable, though not essential to the theory, that 
they are spherical. This, however, requires a little quali- 
fication. ‘The atoms of all bodies probably consist of a 
solid corpuscle, forming a nucleus, and of an atmosphere 
of heat, by which that corpuscle is surrounded ; for abso- 
lute contact is never supposed to take place between the 
atoms of bodies. The figure of a simple atom may readily, 
therefore, be conceived to be spherical. But in compound 
atoms, consisting of a single central atom, surrounded by 
other atoms of a different kind, it is obvious that the figure 
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(contemplating the solid corpuscles only) cannot be spheri- 
cal; yet if we include the atmosphere of heat, the figure of 
a compound atom may be spherical, -or some shape ap- 
proaching to a sphere. 

Taking for granted that combination takes en between. 
the atoms of bodies only, Mr. Dalton has deduced, from 
the relative weights in which bodies unite, the relative 
weights of their ultimate particles, or atoms. When only 
one combination of any two elementary bodies exists, ‘he 
assumes, whless the contrary can be proved, that its ele- 
ments are united atom to atom singly. ‘Combinations of 
this sort he calls binary. But if several compounds can 
be obtained from the same elements, they combine, he sup- 
poses, in proportions expressed by some simple multiple 
‘of the number of atoms. The following table exhibits a 
view of some of these combinations. 


1 atom of A +1 atom of B= 1 atom of C, binary. 

“Latom of A 4 2 atoms of B= 1 atom of D, ternary. 

% atoms of A +1 atom of B=1 atom of E, ternary. 
latom of A +°3 atoms of B = 1 atom of F, quaternary. 
“Satoms of A + 1latom of B= 1 atom of G, quaternary. 
ye j 358 
A different classification of atoms has ‘been proposed by 
Berzelius, viz. into, 1stly, slementary atoms; 2dly, compound 
atoms. ‘The compound atoms ‘he divides again into three 
different ‘species, namely, Ist, atoms formed of only two 
elementary substances wnited, or compound atoms of the first 
order: ‘2dly, atoms composed of more than two elementary 
stibstances; and these, as they are only found ‘in organic 
‘bodies, or ‘bodies obtained ‘by the destruction of organic 
matter, he calls organic atoms: ‘3dly, atoms formed by the 
union of two or more compound atoms; as for example, 
the salts. These ‘he calls compound atoms of the second 
order. nla | 
‘ * Jf clementary atoms of different'kinds were of ‘the same 
size, the greatest number of the atoms of A that could be 
‘combined with an atom of B would be 12; ‘for this is the 
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preatest number of spherical bodies that can be arranged 
in contact with a sphere of the same diameter. But this 
equality of size, thongh adopted by Berzelius, is not neces- 
Bary to the hypothesis of Mr. Dalton; and is, indeed, a 
posed by him not'to exist. 

As an illustration of the mode im which the weight of 
the atoms of bodies is determined, let us suppose that any 
two elementary substances, A and B, forma binary com- 
pounds and that they’have been proved experimentally to 
unite in the proportion, by weight, of 5 of the former to 4 
@f the latter; then, ‘since, according to the hypothesis, they 
Hite particle to particle, those numbers will express the 
relative weights of theit ‘atoms. But besides combining 
atom to atom singly, 1 atom of A may combine with 2 
of B, or with 8, 4, &c. ‘Or 1 atom of B may unite with 
@ ofA, or with 3,4, &c. When stich a series of com- 
pounds exists, the relative proportion of their elements 
- Gught necexsarily, on analysis, to be proved to be 5 of A ‘to 
4.of B; or 5 to (4 + 4 =) 83 or 6 to (44444 =) 12, 
&c.; or, contrariwise, 4 of B to Sof A; or&to (54 5 =) 
10; or 4 to (5 +.5 +5 =) 15. Between these there 
_ Sught to be no intermediate compoands; and the ‘existence 
of any such (as5 of A to6 of B, or4of B to 71 ‘of A) 
Would, if clearly established, militate‘against the hypothesis. 

To verify these numbers, it may be proper to‘examine 
the 6inbinations of A and B with some third -substance, 
for cxpaple with C. Let us suppose that A.and C forma 
binary ‘compound, ‘in which analysis discovers 5 parts of A 
and’s'of C. Then, ‘if C:and B are, also, capable of form« 
ing a binary Compound, ‘the relative proportion of. its ele- 
ments ought to be 4 of B te 3 of C; for these numbers 
denote the relative weights of their atoms. Now this is 
precisely the method, by which Mr. Dalton has deduced > 
the relative weights of oxygen, hydrogen, -and nitrogen 5 
the two ‘first from the known composition of water, and 
the two last “from the proportion of the elements of ams _ 
monia, Extending the comparison to a variety of othet 


- 
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bodies, he has obtained a scale. ofthe “relative weights. of 
their atoms. . ) 
In several instances, additional dcidotacs is acquired of 
the accuracy of the weight, assigned to ani element, by our 
obtaining the same number from the investigation of several 
of its compounds. For example: 3 


t. In water, the hydrogen is to the oxygen as 1 to 7.5. 
2. Inolefiant gas, the hydrogen is tothe carbon as 1 to 5.65. 
3. In carbonic oxide the oxygen is to the carbon as 7.5 to 5.65. 


Whether, therefore, we determine the weight of the atom 
of carbon, from the proportion in which it combines with 
hydrogen, or with oxygen, we arrive at the same number 
5.65; an agreement which, as it. occurs in various other 
instances, can scarcely be an accidental coincidence. In. 
a*similar: manner, 7.5 1s. deducible, as representing the . 
atom of oxygen, both from the combination of that base - 
with hydrogen and with carbon; and 1 is inferred to. be 


the relative weight of the atom of hydrogen from the two — 


principal cients into which it enters. , 

In selecting the body, which should be assumedias, Sys 
Mr. Dalton has been induced to fix on hydrogen, because 
it is that body which unites with others in the-smallest 
proportion. Thus, in water, we have 1. of hydrogen by 
weight to 71 of oxygen; in ammonia, 1 of hydrogen to 
5 of nitrogen; in carburetted hydrogen, 1 of hydrogen to » 

5.65 of carbon; and in sulphuretted hydrogen, 1 of hy- 
drogen to 15 of sulphur. ‘Taking for granted that all — 
these bodies are binary compounds, we hae the following ; 
scale of numbers, expressive of the relative weights of the 
atoms it their elements. : 


PR Aro Mens HELEN ESE ae TO 


Y Ornygenire 6.2 ee TB 
Rite rene PRIA. 8 a RIA 
CEES UD IE US TRI SG ae 

é ‘ Sulphur...... 6... cere 15.0 


“Drs. Wollaston and Thomson, and Professor Berzelins, 
1 
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on the other hand, have assumed oxygen as the decimal 
unit, chiefly with a view to facilitate the estimation of its 
numerous compounds with other bodies. This, perhaps, 
is to be regretted, even though the change may be in some 
respects eligible, because it is extremely desirable that 
chemical writers should employ an universal standard of 
comparison for the weights of the atoms of bodies. It is 
easy, however, to reduce their numbers to Mr. Dalton’s 
by the rule of proportion. Thus as 10 (the number of 

Drs. Wollaston and Thomson for oxygen) is to 1.32 (their 
number for hydrogen) so very nearly is 7.5 (Mr. Dalton’s 
number for oxygen) to 1 (his number for hydrogen). 

_Sir H. Davy has assumed, with Mr. Dalton, the atom of 
hydrogen as unity ; but that philosopher, and Berzelius also, 
-have modified the theory, by taking for granted that. water 
is a compound of one proportion (atom) ies oxygen, and two 
proportions (atoms) of hydrogen. ‘This is founded on the 
supposition, that equal measures of different gases contain 
equal numbers of atoms; and on the fact, that two measures 
of hydrogen gas and one of oxygen gas, are necessary to 
form water. And as, in water, the hydrogen is to the 
oxygen by weight as 1 to 7.5, two atoms of hydrogen must, — 
on this hypothesis, weigh 1, and one atom of oxygen 7.5, or 
if we denote the atom of hydrogen by 1, we must express 
that of oxygen by 13. It is objectionable, however, to this 
modification of the atomic theory, that it contradicts a 
fundamental proposition of Mr. Dalton, the consistency of 
which with mechanical principles he has fully shown; 
namely, that when one combination only of two elements 
exists, it must be presumed, unless the been pia can be 
proved, to be a binary one. 

_ It is easy to determine, in the manner already explained, 
the relative weights of the atoms of two elementary bodies, — 
which unite only in one proportion. But when one body 
unites, in different proportions, with another, it is necessary, 
in order to ascertain the weight of its atom, that we should 
know the smallest proportion in which the former combines 
with the latter. Thus, if we have a body A, 100 parts of 
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which by weight combine with not less than 30! of oxygen, 
the relative weight of its atem will be to that of oxygen as 
100 to $0; or, reducing these numbers to their lowest 
terms, as 25 to 7.5; dic the number 25 will, therefore ex- 
press the relative weight of the atom of A. But if, in the 
progress of science, it should be found, that 100 parts of A 
are capable of uniting with 15 parts of oxygen, then the re- 
lative weight of the atom of A must be doubled, for, as 100 
to 15, so is 50 to 7.5. This example will serve to explain 
the changes, that have been made, in assigning the weights. 
of the atoms of certain bodies; changes, which, it may be 
observed, always consist either in a multiplication, or divi- . 
sion, of the original weight, by some simple number. 

There are (it must be confessed) a few cases, in which 
ene body combines with another in different proportions } 
and yet the greater proportions are not multiples of the 
less, by any entire number. For example, we have two 
oxides of iron, the first of which consists of 100 iron and 
about 30 oxygen; the second of 100 iron and about 45 
exygen. But the numbers 30 and 45 are to each other as 
‘2toit. It will, however, render these numbers (1 and 14) 
consistent with the law of simple multiples, if we multiply 
each of them by 2, which will change them to 2 and 3; and 
if we suppose that there is an oxide of iron (though it has 
not yet been obtained experimentally), consisting of 100 iron 
and 15 oxygen; for the multiplication of this last number 
by 2 and 3, will then give us the known oxides of iron. 

In some cases, where we have the apparent anomaly of 1 
atom of one substance, united with 11 of another, it has. 
been proposed, by Dr. Thomson *, to remoye the difficulty, | 
by multiplying both numbers by.2; and by assuming that, 
in such compounds, we have 2,atoms of the one Gduabitted 
with 3 atoms of the other. Such combinations, it is true, 
are exceptions to a law deduced by Berzelius; that, in all 
inorganic compounds, one of the constituents is im the state of a 
single atom. But they are in no respect inconsistent with. 


cd 
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the views of Mr; Dalton; and are,. imdeed,: expressly’ad- 
mitted by him to be compatible with oe serine’ as + well 
as confimed’ by experience*.) 

Several objections bave been hee to the theory of 
Mr. Peahiints but, of _— I shall notice only the most im- 
portant.: | | 2 
“1. It has been chica that we have no evidence, 
when one combination only of two elements exists, that it 
must be a binary one; and that we might equally well sup- 
pose it to be a compound of two atoms of the one body, with 
one atom of the other. In answer to this objection, we 
may urge the probability that when two elementary bodies 
A and B unite, the most energetic combination will be that 
in which one atom of .A is edmtiined: with one atom of B; 
for an additional atom of B will introduce a new force, 
diminishing the attraction of those elements for each other, 
namely, the mutual repulsion of the atoms of B; and this 
repulsion will be the greater, in proportion as we increase 
the number of the atoms of B. Es 

2dly. It has been said, that, when more than one com- 
pound of two elements exist, we have no proof which of 
them is the binary compound, and which the. ternary; for 
example, that we might suppose carbonic acid to be a com~ 
pound of an atom of charcoal and an atom of oxygen, 
and carbonic oxide to be a compound of an atom of oxy- 
gen with two atoms of charcoal. To this objection, how- 
ever, it is a satisfactory answer, that such a constitution of 
carbonic acid and carbonic oxide would be directly contra- 
dictory of a law of chemical combination, namely, that it 
is attendant, in most cases, with an increase of specific 
gravity. It would be absurd, therefore, to suppose carbonic 
acid, which is the’ heavier body, to be only once com- 
pounded, and carbonic oxide, which is .the lighter, to be 
twice compounded. Moreover, it is universally observed, 
_ that of chemical compounds, the most simple are the most 
difficult to be decomposed; and this being the case with 


* Taomson’s Annals, ili. 174. 
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carbonic oxide, we may naturally aaere it to be more 
simple than carbonic acid. 

3dly. It has been remarked, that instead of supposing wa~ 
ter to consist of an atom of oxygen united with an atom of 
hydrogen, and that the atom of the former is 74. times hea- 
vier than that of the latter, we might, with equal probabi- 
lity, conclude that, in water, we have 74 times more atoms 
of oxygen than of hydrogen. But this, if admitted, would 
involve the absurdity, that in a mixture of hydrogen and 
oxygen gases, so contrived that: the ultimate atoms of each 
should be in equal number, seven atoms of oxygen should. 
desert all the proximate atoms of hydrogen, in order to 
unite with one at a distance, for which they must necessarily 
have a less affinity. In this case, a less force must overcome 
a greater; and, finally, only a small number of the atoms of 
hydrogen. would be engaged by the atoms of oxygen, the 
rest remaining in a state of freedom. 

It would We claiming too much, however, for the theory 
of Mr. Dalton to assert that, in its present state, it is to be 
considered as fully established in all its details. In the fur- 
ther progress of chemical discovery, it is probable that it will . 
receive considerable modifications, and that the relative 
weights of the atoms of bodies will, in many cases, be essen- 

_ tially changed. The instances, in which the theory agrees 
with the results of analysis, are already too numerous to al- 
low them to be considered as accidental coincidences; and 
no phenomena have hitherto been shown to be irreconcile- 
able with the hypothesis. Its value and importance, if con- 
firmed by the accession of new facts, will be scarcely. less 
felt as a guide to further investigations into the constitution 
of bodies, than as atest of the accuracy of our present know- 
ledge; and ‘the universality of its application to chemical 
phenomena will be scarcely inferior to that of the law of gra- 
vitation in explaining the facts of natural. philosophy. 

A modification of the law of definite proportions, so far as 
respects 'aériform bodies, has been proposed. by Gay Lussac, 

- namely, that they combine in proportions determinable not 
by weight but by volume, the ratios being 1 measure of A to 
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1 of B, or 1 td 2, or 1 to 3, &c. Water, for example, re- 
sults from the union of two yolumes of hydrogen with one 
of oxygen; muriate of ammonia from 1 volume of muriatic 
acid gas + 1 of ammonia; nitrous gas from 1 measure of 
oxygen + 1 of nitrogen ; nitrous oxide from 1 oxygen + 2 ni- 
trogen; nitrous acid from 2 oxygen + 1 nitrogen. In some 
Instances, as in that of water, this law is not inconsistent 
_ with the atomic theory; but in other instances it cannot be 
_ reconciled with the relative weights assigned to the atoms 
of certain elementary bodies. In nitrous gas, for example, 
which Mr. Dalton conceives to be formed by the union of 
1 atom of oxygen +1 atom of nitrogen, equal volumes of 
those gases would give for the relative weights of oxygen and 
nitrogen, numbers very different from those derived by 
other methods. -The two hypotheses of atoms and of vo- 
lumes cannot, therefore, both be true; and from some well 
ascertained exceptions to the latter, it appears to me that the 
theory of volumes will scarcely be found tenable. | 

Betore dismissing the consideration of the proportions in 
which bodies combine, it will be proper to notice a few ge- 
neral principles, which, though they are connected with the 
atomic theory, have been devindd from experience, 

1. When we have ascertained the proportion in which 
any two or more bodies A B C &c. of one class neutralize 
another body X of a different class, it will be found that the 

same relative proportions of A B C &c. will be required to 
neutralize any other body of the same class as X. Thus, 
since 100 parts of real sulphuric acid, and 68 (omitting frac- 
_ tions) of muriatic acid neutralize 118 of potash, and since 
100 of sulphuric acid neutralize 71 of lime, we may infer that 
68 of muriatic acid will neutralize the same quantity (71) of 
lime. The great importance of this law will readily be per- 
ceived, not only as it enables us to anticipate, but also to 
correct, the results of analysis. 
 Qdily. If the quantities, of two bodies, A and B, that are 
necessary to saturate a given weight of a third body, be re- 
presented by g and 7, these quantities may be called equeva- 
dents, "Thus, in the example above cited, 100, parts of sul- 
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phurie, acid and 68 of muriatie acid, are equivalents of each 
other. A:Table of Equivalents, which will be found ex~ 
tremely: useful in various calculations, will be given in the 
Appendix, By adapting a table of this sort to a moveable 
scale, on the principle of Gunter’s sliding rule, Dr. Wollas- 
ton has lately constructed an instrument, called the Logome- 
tric Scale of Chemical Equivalents, which is capable of solv- 
ing, with great facility, anumber of problems, interesting 
both to the scientific and practical chemist*.._ : 


SECTION IV, 
Of Elective Affinity. 


AN important law of affinity, which is the basis of almost 
all chemical theory, is, that ore body has not the same force 
of affinity towards a number of others, but attracts them un~ 
equally. Thus A will combine with B in preference to C, 
even when these two bodies are presented to it under equally 
favourable circumstances. Or, when A is ‘united with C, 
the application of B will detach A from C, and we shall have 
a new compound consisting of A and B, C being set at 
liberty. Such cases are Beirne: of what is tennad’ in che- 
mistry simple decomposition, by which it is to be understood 

that a body acts upon a-compound of two ingredients, and 
unites with one of its constituents, leaving the other at 
liberty. And as the forces of affinity of one body to a num- 
ber of others vary, this body has been metaphorically repre- 
_ sented as making an election; and the affinity has been call- 
ed single elective affinity, "Thus if to the muriate of lime, 
' consisting of linte and muriatic acid, we add potash, thé mu- 
riatic acid exerts a stronger ‘elective affinity for the potash 
than for the lime; and ts lime falls down in the state of a 
powder, or is precipitated. Of facts of this kind a great va- 
riety have been comprehended in the form of ee the first 
idea of which seems to have occurred nearly a century ago, 


* This instrument may be had of Mr. Carey, 182, Strand, London. — 
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to Geoffrey, a French chemist. ‘The substance, whose affi- 
nities are to be expressed, is placed at the head ofa column, 
and is separated from the rest by a horizontal line.’ Beneath 
this line are arranged the bodies, with which it is capable of 
combining, in the order of their respective forces of affinity ; 
the substance which it attracts most strongly being placed 
nearest to it, and that, for which it has the least affinity, at 
‘the bottom of the column. The affinities of muriatic acid, 
for example, are exhibited by the following plan:— 
MURIATIC ACID. 


Barytes, 
os Potash, 
Soda, © 
Lime, 
Ammonia, 
Magnesia, 
. &c. &Xc. 
Simple decompositions may he expressed also by enuther 
form, contrived by Bergman. Thus the following schente 
illustrates the decomposition of muriate of lime by potash :— 


Muriate.of Potash. 


Muriate\ Muriatic acid. Potash. 
Phe "Water at.60°. 
seth Lime. : 
Lime. | bd 


The original compound (muriate of lime) is placed on the 
outside and to the left of the vertical bracket. ‘The included 
space contains the original principles of the compound, and 

also the body which is added to produce decomposition. 
- Above and below the horizontal lines are placed the results 
of their action. The point of the lower horizontal line being 
turned downwards, denotes that the lime falls down or is 
precipitated; and the upper line, being perfectly straight, 
shows, that the muriate of potash remains in solution. If - 
both the bodies had remained in solution, they would 
both have been placed above the upper line; or, if both 
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had been precipitated, beneath the lower one. If either 
one or both had escaped in a volatile form, this would 
have been expressed by placing the volatilized substance 
above the diagram, and turning upwards the middle of the 
upper horizontal line. But since decompositions vary un- 
der different circumstances, it is necessary to denote, by the 
proper addition to the scheme, that the bodies are issolued 
in water of the temperature of 60°. 

No chemical facts can appear, on first view, more simple 
or intelligible, than those which are explained by the opera- 
tion of single elective affinity. It will be found, however, 
on a more minute examination, that this force, abstractedly 
considered, is only one of several causes which are concern- 
ed in chemical decompositions, and that its action is modi- 
‘fied, and sometimes even subverted, by counteracting forces. 


SECTION Y. 
Of the Causes which modify the Action of Chemical Affinity. 


Tue order of decomposition is not, as might be inferred 
from the law of elective affinity, invariable; but, in certain 
cases, may even be reversed. ‘Thus though A may attract 
B more strongly than either A or B is attracted by C, yet, 
under some circumstances, C may be employed to decom- 
pose partially the compound AB. Again, if we mix toge- 
ther A Band C, using the two first in the proportions re- 
quired to neutralize each other, it will be found that A and 
B have not combined to the exclusion of C, but that we have 
a compound of B with A, and another of B with C, in pro- 
portions regulated by the quantities of A and C, which have 
been employed. Facts of this kind have keen long known 
to chemists. it had been ascertained, far ex eattipley hefore 
the time of Bergman, that sulphate of potash, g ‘salt com- 
posed of sulphyric acid and potash, is partly decompqunded 
by nitric acid, although the nitric has a weaker affinity than 
the sulphuri¢ acid for that alkali, Examples of the same 
kind have since been multiplied by Berthollet, who has as: 
erted that in the following, as well as in other cases, a subs 
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stance possessing a weaker attraction, displaces another hay-~ 
ing a stronger, for a third body*: 


1. Potash separates sulphuric acid from barytes. 
2. Lime separates sulphuric acid from potash. 
3. Potash separates oxalic acid from lime. 

4, Nitric acid separates lime from oxalic acid. 
5. Potash separates phosphoric acid from lime. 
6. Potash separates carbonic acid from lime. 

7. Soda separates sulphuric acid from potash. 


These facts, and a variety of similar ones, are to be ex- 
plained, according to the views of Bertolet, on the follow- 
ing principles: — 
~ 1. When two substances are opposed to each other with 
respect to a third, as in the foregoing examples, they may 
be considered as antagonist forces; and they share the third 
body between them in proportion to the intensity of their 
action. But this intensity, according to Berthollet, depends 
not only on the energy of the affinities, but on the quantities 
of the two bodies opposed to each other. Hence a larger 
quantity of one of the substances may compensate a weaker 
affinity, and the reverse. To the absolute weight of a body, 
multiplied by the degree of its affinity, he has given the 
name of mass, a term in some degree objectionable from the 
different meaning which is diced to it in mechanical philo- 
sophy. Asan illustration, let us suppose (what is not accu- 
rate in point of fact) that the affinity of barytes for muriatic 
acid is twice as strong as that of potash, or that these affini- 
ties are respectively denoted by the numbers4 and 2. In 
this case the same mass will result from 4 parts of barytes as 
from 8 of potash ; because the same product (16) is obtained 
in each instance, by multiplying the number indicating the 
affinity into that denoting the quantity; for 4 (the affinity of 
barytes) multiplied by 4, Ate que assumed in this ex- 


* Tn each of the examples given in the Table, the body, first mentioned, 
decomposes a compound of the second and third, although its attraction 
for the second is inferior to that of the third, 
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ample) is equal to 16; and 2 (the affinity of potash) multi- 
plied by 8 (its quantity) is also equal to 16. In this case, 
therefore, to divide equally a portion of muriatic acid be-— 
tween barytes and potash, these bodies should be employed 
in the proportion of 2 of the former to 4 of the latter. 

The influence of quantity explains also the difficulty which 


' 3s observed in effecting, in any instance, the total decompo-, 


sition of a compound of two principles by means of a third. 
The immediate effect of a third body C, when added to a 
compound A B, is to abstract from B a portion of the sub- 
stance A; and consequently a portion of B is set at liberty, 
the attraction of which for A is opposed to that of the un- 
combined part of C. The farther this decomposition is car- 
ried, the greater will be the proportion of B, which is brought 
into an uncombined state; and the more powerfully will it 
oppose any further tendency of C to detach the substance A, 
At a certain point, the affinities of B and C for A will be 
exactly balanced, and the decomposition will proceed no far- 
ther. In a few cases it is acknowledged by Berthollet, a 
third body separates the whole of one of the principles of a 
compound ; but this-he supposes to happen in consequence 
of the agency of other extraneous forces, the nature of which 
remains to be pointed out. 3 

Qdly. Cohesion is a force, the influence of PN oe over the . 
chemical union of bodies has already been explained in a 
former section; and other illustrations of its interference 
will be given, when we consider the subject of the limita- 
tions to chemical combination. 

_ 8dly. Insolubility is another force, which essentially mo- 
difies the exertion of affinity. It is to be considered, indeed, 
) merely as the result of cohesion, with respect to the liquid 
in which the effect takes place. 

When a soluble substance and an insoluble one are pre- 
sented,.at the same time, to a third, for which they have 
nearly an equal affinity, the soluble body is brought into ‘the 
sphere of action with great advantages over its antagonist. 
Its cohesion at the outset is but little, and by solution is 
reduced almost to nothing; while that of the insoluble body 
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remains the same. The whole of the soluble substance also 
exerts its affinity at once; while a part only of the insoluble 
one can oppose its force. Henee the soluble substance may 
prevail, and may attach to itself the greatest proportion of 
the third body, even though it has a weaker affinity than the 
insoluble one to the subject of combination. | 

Insolubility, however, under certain circumstances, is a 
force which turns the balance in favour of the affinity of one 
body when opposed to the affinity of another. For example, 
if to the soluble compound, sulphate of soda, we add barytes, 
~ the new.compound, sulphate of barytes, is precipitated the 
instant it is formed; and being removed from the sphere of 
action, the soda can exert no effect upon it by its greater 
quantity or mass, For the same reason, when soda is added 
to sulphate of barytes, the sulphate is protected from decom- 
position both by its insolubility and by its cohesion. 
_ These facts sufficiently prove that the order of precipita~ 
tion, which was formerly assumed as the basis of tables of 
elective affinity, can no longer be considered as an accurate _ 
measure of that force; and that the body, which is precipi- 
tated, may, in some cases, be superior in affinity to the one 
which has caused precipitation. In these cases, a trifling 
superiority in affinity may be more than counterbalanced by 
the cohesive force, which causes insolubility. 

4thly. Great specific gravity y is a force, which must concur 

with insolubility or cohesion in originally impeding combi- 
nation; and when chemical union has taken place, it must 
come in aid of affinity, by removing the new compound from 
the sphere of action. It is scarcely necessary to enlarge on 
the operation of a force, the nature of which must be so 
obvious. 

5thly. Elasticity. Cohesion, it has already been stated, 
may prove an impediment to combination; and, on the other 
hand, it is possible that the particles of bodies may be sepa~ 
rated so widely, as to be removed out of the sphere of their 
mutual attraction. Such appears to be the fact with regard 
toa classiof bodies called airs or gases. The bases of several 
of these have powerful attractions for the bases of others, and 
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for various liquids, and yet they do not combine on simple 
admixture, but strong mechanical pressure bring their par- 
ticles sufficiently near, to be within the influence of their 
mutual attraction, and combination immediately ensues. 

Again if two bodies, one of which has an elastic and the 
other a liquid form, be presented at the same time to a 
solid, for which they have both an affinity, the solid will 
unite with the liquid in preference to the gas. Or if we add 
to the compound of an elastic substance with an inelastic 
one, a third body also inelastic, the two latter combine to 
the exclusion of the elastic body. For example, if to the 
compound of potash and carbonic acid we add sulphuric 
acid, the latter acid, acting both by its affinity and its quan- 
tity, disengages a portion of carbonic acid. ‘This, by its 
elasticity, is rived from the sphere of action, and presents 
no obstacle to the farther operation of the sulphuric acid. 
Hence elastic bodies act only by their affinity; whereas 
liquids act both by their affinity and quantity conjoined. 
And though the affinity of the liquid, abstractedly considered, 
may be inferior to the affinity of the elastic body, yet, united 
with quantity, it prevails. In the above instances, the whole 
of the elastic acid may be expelled by the fixed acid; whereas, 
as it has already been observed, decomposition is incom- | 
plete, if the substance which is liberated remain within the 
sphere of action. 

6thly. Efflorescence is a circumstance sails occasionally 
influences the exertion of affinity; but this is only of very 
rare occurrence. ‘The simplest example of it is that of lime, 
and muriate of soda. When a paste composed of these two 
substances with a great excess of lime, is exposed, in a moist 
state, to the air, the lime, acting by its quantity, disengages 
soda from the common salt, which appears in a dry form, on 
the outer surface of the paste, united with carbonic acid ab- 
sorbed from the atmosphere. In this case the soda, which 
is separated, being removed from contiguity with the interior 
part of the mass, presents no obstacle to the farther action 
of the lime, and the decomposition is carried farther than it _ 
would have been, had no such removal happened. 
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6thly. The influence of temperature over chemical affinity 
is extremely extensive and important; but at present a very 
general statement only of its effects is required. In some 
cases an increased temperature acts in promoting, and at 
others in impeding, chemical combination: and it materially 
affects also the order of decompositions. 

An increased temperature promotes chemical union by 
diminishing or overcoming cohesion. ‘Thus metals unite by 
fusion, and several salts are more soluble in hot than in cold 
water. Whenever heat is an obstacle to combination, it 
produces its effect by increasing elasticity. Hence water 
absorbs a less proportion of gas at a high than at a low tem- 
perature. A reduction of the temperature of elastic bodies, 
by lessening their elasticity, facilitates their union with other 
substances. In certain cases, an increased temperature has 
the combined effects of diminishing cohesion and inereasing 
elasticity. When sulphur is deieed to oxygen gas, no 
combination ensues, until the sulphur is heated; and though 
the elasticity of the gas is thus increased, yet the diminution 
_ of cohesion of the solid is more than proportionate, and 
chemical union ensues between the two bodies. 

7thly. The electrical state of bodies has a most important 


influence over their chemical union. ‘This, however, isa. 


subject, of which it would be difficult to offer a general view, 
and for its full development, I refer to a iabeeidens chapter 
on Electro-chemistry. 

Sthly. Mechanical pressure is another force, which has 
considerable influence over chemical affinity. With respect 
to solid bodies, its agency is not frequent; but we have un- 
equivocal examples of its operation in cases, where detona- 
tion is produced by concussion. ‘The effects of pressure are 
chiefly manifested, in producing the combination of aériform 
bodies either with solids, with liquids, or with each other; 
and in preserving combinations, which have been already 
formed, under circumstances tending to -disunite them. 
Chalk, for example, is a compound of lime and carbonic 
acid; and these bodies, by the simple application of an in- 
tense heat, are separable from each other; but, under strong 
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pressure, a heat may be applied sufficient to melt the chalk, 
without expelling the carbonic acid. It is this principle (of- 
the influence of pressure in opposing chemical decomposi- 
tion), that is the foundation of Dr. Hutton’s erat Theory 
of the Karth. 

Such are the most important circumstances, that modify 
the exertion of chemical affinity. Of their influence, suf- 
ficient illustrations have been given to prove, that in every 
case of combination and decomposition, we are not to con- 
sider the force of ‘affinity abstractedly; but are to take into 
account the agency of other powers, as cohesion, quantity, 
insolubility, elasticity, efflorescence, and temperature. By 
the action of these extraneous powers, Berthollet has en- 
deavoured to explain certain facts which are not easily 
understood on any other principle. . Of these the most 
important are, Istly, the establishment of proportions in 
chemical compounds; and 2dly, the modification produced 
in. the affinities of bodies by chemical union. 

A; Independently of these extraneous forces, Berthollet 


_ imagines that there are no limits to combination, or that 


two bodies, which are now susceptible of union only i in one 
er in few proportions, might, if these forces were annihilated, 
be united in every proportion. The causes which he has 
assigned, as chiefly regulating proportion, are cohesion and 
elasticity. To take one of the simplest cases, the proportion, 
in which a salt can be combined with water, depends on the. 
balance between the chemical affinity of the bodies for each 
other, and the cohesive attraction of the salt. In this case, 


. then, cohesion is the limiting power. As an example of the 


influence of this force when more energetic affinities are 
exerted, if we add to diluted sulphuric acid a solution of 
barytes, a compound is formed, consisting of sulphuric acid 
and barytes, which, in consequence of its great insolubility or 
cohesion, is instantly removed from contact with the redun- 


dant acid, and with established proportions. 


The agency of elasticity in limiting proportion, may be 
exemplified by the combination of hydrogen and oxygen. 
Ifa mixture of the two gases be inflamed, the new compound, 
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water, is immediately separated, from what is superfluous of 
both ingredients, by its superior density. In other instances, 
the bases of aériform substances are combined in various - 
proportions, and in such examples, there are several terms 

of greatest condensation, as in the case of oxygen and 

nitrogen. — 

2. Another important part of the theory of Berthollet is, 
that the affinities of a compound are not newly acquired ; 
but are merely the modified affinities of its constituents, the 
action of which, in their separate state, was counteracted by 
the prevalence of opposing forces. By combination, these 
forces are so far overcome, that the affinities of the consti- 
tuents are enabled to exert themselves. 

The action of different affinities existing in one compound, 
Berthollet terms resulting affinities, while the individual 
affinities of the constituents he calls elementary affinities. 
Thus nitric acid acts on potash by an affinity, which results 
from those of oxygen and azote for potash. And as all 
affinity is mutual, the term reswlting affinity is applied, also, 


_ to that force, with which a simple body acts on a compound; 


to the affinity for example, which any simple body ‘may 
exert on nitric acid. A simple body, indeed, may exert 
towards a compound both an elementary and resulting afli- 
nity. If the elementary affinity: prevails, it will unite only 
with one of the principles of the compound, as when-a simple 
body, by its affinity for oxygen, decomposes-nitric acid, and 
liberates its nitrogen in a separate form. If the resulting 
affinity be predominant, the simple body will unite with the 
whole compound without effecting any disunion of its 
elements. . cy aia 

From these views it may be inferred, that we are not, in 
any case, to deny the existence of an affinity between two 
bodies, merely because they do not combine when presented 
to each other; for an affinity may exist, but may be suppressed 
by the prevalence of opposing forces. According to the 
doctrine of Berthollet, affinity is a force exerted by every 
body towards every other; even though not made apparent 
by any eflecit,. On this. principle, we are able to explain 
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certain phenomena, which are wholly unintelligible on any 
other, and especially those which have been referred to 
disposing affinity. The action of sulphuret of potash, for 
example, on oxygen gas, has been ascribed to the dis- 
posing affinity of potash for sulphuric acid. This, how- 
ever, is ascribing an affinity to a compound, before that 
compound has existence. It is much more probable, that 
besides the diminished cohesion of the sulphur, the affinity 
of potash for oxygen has some share in producing the com- 
bination. On this principle the united affinities of the potash 
and sulphur for oxygen (in other words the resulting affini- 
ties of the sulphuret of potash) are the efficient causes of 
chemical union. ‘This explanation, at least, does not, like — 
the theory of disposing affinities, involve an absurdity... 

The theory of Berthollet, however, which promised, on 
its first development, to form a new era in chemical philoso- 
phy, has lost much of its probability, by the subsequent 
progress of the science. It is directly, indeed, at variance 
with the doctrine of definite proportions, which every day 
gathers strength by the accumulation of new and well es- 
tablished facts. It is liable, moreover, to the ane 
objections, 

Ist. It has been shown by professor Phaff of Kiell*, that, 
in various cases, where two acids are brought into contact. 
with one base, the base unites with one acid, to the entire 
exclusion of the other. When, for example, to a given 
weight of lime, quantities of sulphuric and tartaric acids are 
put, either of which would exactly saturate the lime, the 
sulphuric acid unites with the lime, to the entire exclusion 
of the tartaric. ‘The same evidence of a superior affinity of 
the sulphuric acid over that of the oxalic is obtained, by 
placing those acids in contact with as much oxide of lead; 
as would exactly saturate either of them. Again, comparing 
the action of two bases on one acid, the same law is found to 
hold good: for when potash and magnesia are mixed with — 
just as much sulphuric acid, as is required to saturate either 
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of them, the potash seizes the bibpiee of thé acid, and no part 
of it unites with the magnesia. Nor can these effects be 
_explained by any of choke’ extraiicous forces, which Ber- 
thollet supposes, in all cases, to regulate chemical combina- 
tion; or by any principle, but a stronger affinity of sulphuric 
acid, than of tartaric or oxalic acid, for the different bases; 
and of potash, than of magnesia, for the same acid. . 

2dly. Some of the cases, before quoted from Berthollet, 
to show the reciprocal ‘displacement of two bodies by each 
other from a third (it has been justly observed), are examples, 
not of single elective affinity, in which three bodies only are 
_ concerned; but of complex affinity, i in which the attractions 
of four bodies are brought into action. In the first case, 
for example, there is reason to believe, that sulphuric acid 
is displaced from barytes, not by pure potash, but by potash 
which has absorbed carbonic acid from the atmosphere. 

3dly. In other cases, the consideration of the affinities of 
two bodies A and B, for a third C, is complicated with this 
circumstance, that the neutral compound of A and B has an 
affinity for a further portion of one of its ingredients. If 
then C be brought into contact with the compound A B, we 
have, acting at the same moment, the affinity of C for A, 
which partly decomposes the compound A B; and the affi- 
nity of the undecomposed part of A B, for that portion of 
B which is set at liberty. .For instance, when nitric acid 
acts on sulphate of potash, some nitrate of potash is formed; 
and the sulphuric acid, which is set at liberty, uniting with 
the undecomposed sulphate of potash, composes a new salt, 
consisting of sulphate of idird with an excess 3 of sulphuric 
acid. 

4thly. It is a strong objection to the theory of Berthollet 
that, in some cases, decompositions happen, which, according 
to his views, ought not to take place; and that in others, 
decompositions dane ensue, which the theory would have 
led us to have anticipated. 

Sthly. The theory is objectionable, inasmuch as, in several 
instarices; properties are supposed tooperate, before the bodies 
exist, to which those properties are attributed. It is incon- 
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ceivablé, for instance, that the cohesion, or insolubility, of 


sulphate of barytes, can have any share in producing the 
decomposition of sulphate of potash by that earth; for the 
insolubility of sulphate of barytes can have no agency, till 
that compound is formed; which is the very effect to be 
_explained. 

me Notwithstanding these objections to the iHiedryck of Ber- 
thollet, when habied so far as has been done by its author, 
in the explanation of chemical phenomena, it must still be 
admitted that the extraneous forces, pointed out by that 
accute philosopher, have great influence in modifying the 
effects of chemical affinity. But these forces are entitled 
only to be considered as secondary causes; and not as de- 


‘termining combinations or decompositions, nor as regulating _ 


the proportions in which bodies unite, independently of the 
_ superior force of chemical affinity. 


SECTION VI. 
Of the Estimation of the Forces of Affinity. 


Tue affinities of one body for a number of others are 


not all of the same degree of force. This is all that the 


present, state of our knowledge authorizes us to affirm ;, for 
we are ignorant how aa the affinity of one body for 
another is superior to that of a third. ‘The determination 
of the precise forces of affinity would be an important step 
in chemical philosophy; for its phenomena would then be 
reduced to calculation; and we should be enabled to an- 
ticipate the result of experiment. ‘That the force of che- 
mical affinity must be prodigiously great, is evident from 
its effect in preserving the combination of water with some 
bodies (the alcalis for instance) when exposed to a violent 
heat; notwithstanding its great expansive force, and though 
water is not essential to the constitution of those bodies. 
The observed order of decomposition, it has already been 
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stated, does not enable us to assign ‘the order of the forces 
of affinity; because, in all decompositions, other forces are 
concerned. We are, therefore, obliged to seek some other 
- method of determining the problem. Of these several have 
been proposed. 

When the surface of one body is brought into contact” 
with another surface of the same kind, as bs ese the smooth 
surfaces of a divided leaden bullet are pressed together, 
they adhere by the force of cohesion, their particles being 
all of the same kind. But when the surfaces of different 
bodies are thus brought into apparent contact, it is reason- 
able to suppose that their adhesion arises from chemical 
affinity, because their particles are of different kinds. 
Guyton proposed, therefore, the comparative force, with 
which different surfaces adhere, as a competent measure 
of chemical affinity. His experiments were made on 
plates of different metals, of precisely the same size and 
form, suspended by their centres from the arm of a sen- 
sible balance. The lower surfaces of these plates were 
successively brought into contact with mercury, which was 
changed for each experiment, and the weight was ob- 
served, which it was necessary to add to the opposite scale, 
in order to detach the several metals. Those which re- 
quired the largest weight were inferred to have the greatest 
affinity; and it is remarkable, that the order of affinities, 
as determined in this way, correspond with the affinities as 
ascertained by othermethods. The followingwere the results: 


Gold adhered to mercury with a force of .. 446 grains. 
el Lap 59h yr Sa oe I Ie ae aa nee” 4? EPA ee 
ML PRE STS ei a ted wars a ae 4 ks bak eens Lie UOT 

MEMO Sec eg Pee e se «Sale ke Maier tae OTe 

Ee es aha t te ony daly ile ok Ranh Ga 0 1 LOM 

~ Copper . SIR esc EN che etn GU Oe BY 
“Antimony as OMe t Sean G0). eget 
“ ee eT Snes ok 115 
Cobalt. sere eeeeesereser senses eter ss 8: 

E2 


‘ 


52 CHEMICAL AFFINITY, Xc, CHAP, II. 


This method, it must be obvious, is of too limited ap- 
plication to be of much utility ; for few bodies have the 
mechanical conditions, which can enable us to subject. them 
to such a test. How, for example, could the. affinities of 
_acids for alkalis be examined on this principle ? It may 
be doubted, also, whether in the cases to which it may be 
applied, it does not measure the facility of combination, 
rather than the actual force of affinity. 

To determine the absolute forces, which one body. 
exerts towards a number of others, Mr. Kirwan has pro- 
‘posed the: quantity of each, which is required to produce 
neutralization. ‘This he has ascertained by experiment in 
a great variety of instances, a few of which are contained 
in the following tables; the numbers being altered, to ac~ 
commodate then to recent discoveries, 


. 


100 Parts of I 


SULPHURIC ACID ; -* 400. Parts of 
~ xequire for Neutralization : _ POTASH. require 
rs arnt hie Sart awa to 
194 parts of barytes, 115 of nitric acid. 
~*438 -; «i >./.0F strontites. - 93 of carbonic acid. 
118 .... of potash. 84..5.of sulphuric. 
78.2 ..<.. Of soda, '§8 of muriatic. 


41... ads. OF lime. 
49.2 .... of magnesia. 
43 .... of ammonia. 


In judging of the affinities of the same acid for different 
bases, Mr. Kirwan assumed that they are represented by the 
numbers indicating the quantities of each base required 
for neutralization, Thus, because 100 parts of sulphuric 
acid neutralize 194 of barytes, and 118 of potash, the af- 
finity of the former is superior to that of the latter in the 
proportion of 194 to 118. So far the inference corre- 
sponds with the order of decomposition ; for barytes takes 
sulphuric acid from potash. But if we examine the. affi- 
nities of spotash, as. represented in the second table, we 
shall find that, on this principle, they are directly, contra- 
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dictory to fact. Thus the affinity of sulphuric acid should 
be inferior to that of the carbonic; whereas it is well 
known that the former displaces the latter from all its 
combinations. Mr. Kirwan was, therefore, driven to the 
necessity of establishing a precisely opposite rule in deter- 
mining the affinities of different acids for the same base, 
and of assuming that they are inversely proportionate to 
the affinity of the saturating acid. Thus the affinity of 
carbonic acid for potash would be 84.5, and that of sul- 
phuric acid 93. This, however, involves a contradiction ; 
since it is implied that a stronger affinity, in one instance, 
requires a greater quantity of the saturating principle, as 
in the relation of barytes and potash to sulphuric acid; 

and that, in the other, it requires a less quantity, as in the 
instance of the sulphuric and carbonie acids with respect 
to potash. 

Since neutralization is an éffect of chemical affinity, 
which must in all cases bear a proportion to its cause, it 
has been assumed by Berthollet, that the substance which, 
in the smallest quantity, neutralizes another, is the one 
possessing the strongest affinity. On this principle the affi- 
nities of sulphuric acid for different bases, will be exactly 
the reverse of the order established by Mr. Kirwan; and to 
that order, which would have been assigned from observed 
decompositions. Thus ammonia will have a stronger affinity 
for sulphuric acid, than any of the substances with are 
placed above in the table; though it is separated, by each 
of these, from its union with that acid, 

It is in the extraneous forces, which have been enume- 
pips as ‘influencing chemical affinity, that we are to seek, 
according to Berthollet, for the explanation of this appa- 
rent dhomaly, and especially i in those of cohesion and elas- 
ticity. Theelasticity of ammonia, for example, turns the 
balance in favour of magnesia, lime, &c. There is an ob- 
vious difficulty, however, in the application’ of the theory. 
For as the elasticity of ammonia is suppressed by its com- 
pein aye acid, what, at nay be asked, but a 
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decomposition? The problem, therefore, of determining 
the absolute forces of affinity can scarcely be admitted to be 
solved. Even if it were, we should not be able to predict 
‘the order of decomposition, unless the modifying forces of 
cohesion, elasticity, &c., could be at the same time subjected 
to precise admeasurement. Until both these objects are 
-accomplished, the results of chemistry can in no case be 
obtained by calculation, but the science must remain a col- » 
lection of general principles, seaies from experiment and 
induction, : 


SECTION VIL. 


Of sr aioe: A eres ‘Ye 


‘Jineak the more general name ar complex affinity, Ber- 
thollet includes that which has hitherto been considered as 
produced by the action of-four affinities, and which has 
commonly been denominated double elective affinity. . It fre- 
quently happens that the compound of two principles can- 
not be destroyed either by a third or, a fourth separately 
applied; but if the third and fourth be combined, and 
placed in contact with the former compound, a decom- 
position, or a change of principles will ensue. ‘Thus,when 
lime water is paded. to a solution of the sulphate of soda, 
no decomposition happens, because the sulphuric acid 
attracts soda more strongly than it attracts lime. If. the 
muriatic acid be applied to the same compound, still its 
principles remain undisturbed, because the sulphuric acid 
attracts soda more strongly than the muriatic. But if the 
lime and muriatic acid, previously combined, be mixed 
with the sulphate of soda, a double decomposition is. ef- 
fected, The lime, quitting the muriatic acid, unites with 
the sulphuric, and the soda, being separated from the sul- 
phuric acid, combines with the muriatic. These decompo- 
sitions are rendered more intelligible by the following 
diagram, contrived by Bergman. 


in 
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Muriate of Soda. 


YE Soda" > 115 Muriatic acid és 
Sulphate - a seo cs Muriate 
of < 78 }$ | + 104 p of 
Soda ve Lime 
Sulph* acid 71 _ Lime J 


Sulphate of Lime 


On the outside of the vertical brackets are placed the 
original compounds; and above and below the diagram, the 
new compounds. The upper line, being straight, indicates 
that the muriate of soda remains in solution; and the 
middle of the lower line, being directed downwards, that 
the sulphate of lime is precipitated. 

In all cases similar to the foregoing, Mr. Kirwan con- 
ceives that we may trace the operation of two distinct se- 
ries of affinities. The affinities tending to preserve the 
original compounds (which in the above: example are those 
between sulphuric acid and soda, and between muriatic 
acid and lime), he terms the quiescent affinities; because 
they resist any change of composition. On the other 
~ hand the affinities, which tend to disunite the original com- 
pounds and to produce new ones (such as those between 
muriatic acid and soda, and between sulphuric acid and 
lime), he terms divellent affinities. In order that an effect 
may be produced, the divellent affinities must. necessarily 
be superior to the quiescent. Now assuming the numbers 
in Mr. Kirwan’s tables to express accurately the forces o. 
affinities, the double exchange of principles, which hap- 
pens in the preceding instance, is eaaly explained, . Thus 
the quiescent affinities are 


fi | Those of lime to muriatic acid = 104 
of soda to sulphuric acid = 78 
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The divellent affinities, opposed to these, consist of 


The affinity of soda to muriatic acid = = 115 
lime to sulphuric acid = 71 


- 


i , 186 


The original compound, therefore, is preserved by a force | 
equivalent to 182, and the tendencies to produce new com- 
pounds are represented by the number 186. The divellent 
affinities are, therefore, predominant. / 
The theory of quiescent and divellent affinities, however, 
though highly attractive from its simplicity, and from the 
facility. with which it solves certain phenomena, is com- 
pletely defective in the explanation of others. For ex- 
ample, sulphate of potash i is decomposed by muriate of 
barytes.. Yet, estimating in the above manner the quies- 
cent and divellent affinities, ‘an exchange of principles 
ought not toensue. The affinities indie to preserve the 
opera compound, are those of aah ies acid for potash 
= 118, and. of muriatic acid for barytes = 285. ‘The 
divellent affinities are that of muriatic acid for potash 
= 174 + that of sulphuric acid for barytes = 194. The 
quiescent affinities then are 118 + 285 = 403, and the di-° 
vellent 174 + 194 = 368, This leaves a balance of 35 in 
favour of the quiescent affmities; and yet decomposition 
ensues, when the two compounds are brought into contact. 
It must be acknowledged that the numbers, assumed by 
- Mr. Kirwan, do not correspond with the actual forces of 
affinity. But even if they are taken according to the prin- 
ciple assumed by Berthollet, they will not be found univer- 
sally applicable. The reason of this is, that the pheno- 
mena produced by complex affinity, like those occasioned 
by simple affinity, are materially influenced by the extra- 
neous forces of cohesion, quantity, elasticity, temperature, 
&c. The effect of quantity is shown by the fact, that if 
two salts be mixed together in certain proportions, decom- | 
position will ensue, sy not if mixed in other proportions. 
Thus from the mingled solutions of two parts of muriate 
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of lime and one of nitrate of potash, we obtain muriate of 
potash; but not from. equal weights of the two salts. In- 
solubility, or precipitation, has also a considerable influ- 
ence on the result. When this occurs, the influence of 
quantity is destroyed, as in the case of sulphate of potash 
and muriate of barytes. Elasticity, and an increased tem- 
perature (which operates by increasing elasticity), have also 
a powerful influence in promoting the action of complex af- 
finities. Thus of four principles, two of which are vola- 
tile and two fixed, the two which are volatile will be dis- 
posed to unite, in preference to combining with either of 
_those which are fixed. Hence the phenomena of complex 
decomposition concur with those of a more simple’ kind, in 
proving that affinity is not an uniform force, but is materially 
influenced by various modifying circumstances ; and that we 
cannot confidently anticipate results, from comparing the 
‘numerical expressions of quiescent and divellent affinities. 
One great obstacle to the construction of tables, capable 
of representing the forces of affinity, is the difficulty of 
ascertaining, with precision, the quantities of bodies re- 
quired for neutralization. Notwithstanding all the care 
employed by Mr. Kirwan, considerable errors appear to 
have crept into the results of his experiments. This will 
sufficiently appear, when they are examined by a test, ori- 
ginally proposed by Guyton. It must be obvious that if 
between two salts, which are mixed together in solution, 
decomposition should ensue, and the mixture should after- 
wards be found neutral, the quantity of acid, which has 
quitted one of the bases, must have been exactly equivalent 
to the saturation of the other base, also deserted by its acid. 
If, for example, we mingle the muriate of magnesia and . 
sulphate of soda, the mixture’ continues neutral ; and hence 
it follows that the muriatic acid, which has quitted the 
magnesia, must have been exactly equal to the neutraliza- 
tion of the soda, deserted by the sulphuric acid. But from 
«a calculation, founded on the proportion of the ingredients 
of these salts, as established by Mr. Kirwan, it appears that 
the soda, detached from the sulphuric acid, is not adequate - 
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to the saturation of the muriatic scidhi The mixture, there- 
fore, ought to be acid; and since this is contrary to fact, 
we may safely infer that there is an error in the estimation’ 
of the ingredients composing these salts. No tables, indeed, 
can be correct, unless they stand the test of this mode of 
verification. Such a table has been calculated by Fischer 
from. the experiments of Richter; but even this table seems. 
in several respects. to be of questionable accuracy. I have 
thought it, however, entitled to a place among the tables in 
the Appendix; and I shall annex, also, a more correct one, 
the data of which are chiefly supplied by Dr. Wollaston’s 
paper on Chemical Equivalents *. 
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pig deggie Illustrations of Chemical Affinity, Solu 
tion, Se. 


For. these experiments, a few wine glasses, or, in pre- 
ference, deep ale glasses, will be required ; and | a Florence 
flask for performing the solutions. 

I. Some bodies have no affinity for each other.—Oil and 
water, mercury and water, or powdered chalk and water, 
when shaken together in a vial, do not combine, the oil or 
water always rising to the surface, and the mercury or chalk 
sinking to the bottom. 

Bt. “Examples of chemical affinity, and its most shite 
effect, viz. solution. —Sugar or common salt disappears or 
dissolves in water; chalk in dilute muriatic acid}. Sugar 
and salt are, therefore, said to be soluble in water, and challe 
in muriatic acid. The liquid in which the solid disappears, 
is termed a solvent. Chalk or sand, on the contr ary, when 
mixed with water by agitation, always subside again. 
Hence they are said to be znsoluble. 


* Phil. Trae 1814. | 
+ I omt, purposely, ‘the distinction between re solution and ‘dis- 
solution. 4 mer 
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IIL. Influence of mechanical division in promoting the 
action of chemical affinity, or in favouring solution—Lumps 
of chalk or marble dissolve much more slowly in dilute 
muriatic acid, than equal weights of the same bodies in | 
powder. Muriate of lime, or nitrate of ammonia, cast, after 
liquefaction by heat, into the shape of a solid sphere, is very 
slowly dissolved; but with great rapidity when in the state 
of a powder or of crystals. When a lump of the Derbyshire 
fluate of lime is immersed in concentrated sulphuric acid, 
scarcely any action of the two substances on each other 
takes place; but if the stone be finely pulverized, and then 
mingled with the acid, a violent action is manifested, by the 
copious escape of vapours of fluoric acid. In the common 
arts of life, the rasping and grinding of wood and other 
substances are familiar examples. 

IV. Hot liquids, generally speaking, are more powerful 
solvents than cold ones.—'To four ounce-measures of. water, 
at the temperature of the atmosphere, add three ounces of 
sulphate of soda in powder. Only part of the salt will be 
dissolved, even after being agitated some time. Apply heat, 
and the whole of the salt Lan disappear. When the liquor 
cools, a portion of salt will separate again in a regular form 
or in crystals. This last appearance affords an instance of 
crystallization, % 

To this law, however, there are several pacberteeut Gt for 
many salts, among which is muriate of soda, or common 
salt, are equally, or nearly equally, soluble in cold as in hot 
water. (See the table of solubility of salts in water, in the 
Appendix.) Hence, a hot and saturated solution of muriate 
of soda does not, like the sulphate, deposit crystals on cool- 
ing. To obtain crystals of the muriate, and of other salts 
which observe a similar law as to solubility, it is necessary 
_ to evaporate a portion of the water ; and the salt will then 
be deposited, even while the liquor remains hot.. In ge- 
neral, the more slow the cooling, or evaporation, of multe 
- solutions, the larger and more Sale are the crystals. 

V. A. very: minute division of bodies ‘is effected by solu- 
tton.—-Dissolve two grains of sulphate of iron in a quart of 
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water, and add a few drops of this solution to a wine- 
glassful of water, into which a few drops of tincture of galls 
have been fallen. The dilute infusion of galls will speedily 
assume a purplish hue. This shows that-every drop of the 
quart of water, in which the sulphate of iron was dissolved, 
contains a notable portion of the salt. 

VI. Some bodies dissolve much more readil ry and copiously 
than others.—Thus, an ounce measure of distilled, water will 
dissolve half its weight of sulphate of ammonia, one third 
its weight of sulphate of soda, one sixteenth of sulphate of 
potash, and only one five-hundredth its weight of sulphate 
of lime. ° 

VII. AMestail agitation facilitates solution Into a 
wine-glassful of water, tinged blue with the infusion of lit- 
mus, let fall a small lump of solid tartaric acid. The acid, 
if left at rest, even during some hours, will only change to 
red that portion of the infusion which is in immediate con- 
tact with it. Stir the liquor, and the whole will immediately 
become red. 

VII. Bodies do not act on each other, unless either one or 
both be in a state of solution.—1. Mix some dry tartaric, or, 
in preference, citric acid with dry carbonate of potash. No 
combination will ensue till water is added, which, acting 
the part of a solvent, promotes the union of the acid and 
alkali, as appears from a violent effervescence. 

2. Spread thinly, on a piece of tinfoil, three or four “ 
imaches square, some dry nitrate of copper*, and wrap it up: 
No effect’ will follow. Unfold the tinfoil, and having 
sprinkled the nitrate of copper with the smallest possible 
quantity of water, wrap the tinfoil up again as quickly as - 
possible, pressing down the edges closely. Considerable 
heat, attended with fumes, will now be excited; and, ifthe . 
experiment has been dexterously managed, even light will - 


* To prepare nitrate of copper, dissolve the filings or turnings of that 
metal in a mixture‘ of one part nitrous acid and three parts water: decant — 
the liquor when it has ceased to emit fumes; and evaporate it to drytiess, 
ina: copper or earthen dish. The dry mass must’be kept in’ a bottle: » 
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be evolved. This shows that nitrate of copper has no action 
on tin, unless in a state of solution. - | 

IX.’ Bodies, even when in a state of solution, do not act.on 
each other at perceptible distances; in other words, contiguity 
is essential to the action of chemical affinity.— Thus, when 
two fluids of different specific gravities, and which have a 
strong affinity for each other, are separated by a thin stratum 
of a third, which exerts no remarkable action on either, no 
combination ensues between the uppermost and lowest stra- 
tum. Into a glass jar, or deep ale glass, pour two ounce- 
measures of a solution of subcarbonate of potash, containing, 
in that quantity, two drachms of common salt of tartar. 
Under this introduce, very carefully, half an ounce-measure 
of water, holding in solution a drachm of common. salt; 
and again, mgaess both these, two ounce-measures of sul- 
phuric acid, which. has been diluted with an equal weight of 
water, and allowed to become cool. ‘The introduction of a 
second and third liquid beneath the first, is best effected, 
by filling, with the liquid to be introduced, the dropping 
tube, fig. 15. pl. i., which may be done by the action of the 
mouth. The finger is then pressed. on the upper orifice of 
thetube; and the lower orifice, being brought to the bottom 
of the vessel containing the liquid, the finger is withdrawn, 
and the liquid descends from the tube, without mingling 
with the upper stratum. -When a solution of carbonate of 
potash is thus separated from diluted sulphuric acid, for 
which it has a powerful affinity, by the intervention of a 
thin'stratum of brine, the two fluids will remain distinct and 
inefficient on each other; but, on stirring the mixture, a 
violent effervescence ensues, in consequence of the action of 
the sulphuric acid on the potash. 3 
» XX. Two bodies, having no -afjinity for each. other, unite by 
the intervention ofa third.—Thus, the oil and water which, 
in, Experiment I., could not, by agitation, be: brought into 
union, unite immediately on adding a solution of caustic 
potash:- The alkali, in this case, acts.as an intermedium. 
The fact, indeed, ‘admits of being explained by the suppo- 


— 


62 CHEMICAL AFFINITY, &c. CHAP. If. 


sition, that the oi] and alkali form, in the first oe a 
compound which is soluble in water. 

- XI. Saturation and neutralization tllustrated.— Water, 
after having taken up as much common salt as.it can dissolve, 
is said to be saturated with salt. Muriatic acid, when it has - 
ceased to act any longer on lime, is said to be neutralized. * 

XII. The properties characterizing bodies; when separate, 
are destroyed by chemical combination, and new properties 
appear in the compound. Thus, muriatic acid and lime, 
which, in a separate state, have each a most corrosive taste, 
lose this entirely when mutually saturated; the compound 
is extremely soluble, though lime itself is very difficult of 
solution; the acid no longer reddens syrup of violets; nor 
does the lime change it, as before, to green. The resulting 
compound, also, muriate of lime, exhibits new properties. 
It has an intensely bitter taste; is susceptible ofa crystallized 
form; and the crystals, when mixed with snow or ice, ge- 
nerate a degree of cold sufficient to freeze quicksilver. 

XII. Stigls elective affinity illusirated.—1. Add to the 
combination of oil with alkali, formed in Experiment X., 
a little diluted sulphuric acid. The acid will seize the ancad, 

and set the oil at liberty, which will rise to the top. In this 
instance, the affinity of alkali for acid is greater than that of 
‘alkali for oil: 2. To a dilute solution of muriate of lime. 
(prepared in Experiment II.), add a little of the solution of 
pure potash. ‘The potash will seize the muriatic acid, and 
the lime will fall down, or-be precipitated. | 

XIV. In every instance, in comparing the affinities of two 
lodies for a third, a weaker affinity, in one of the two com-" 
pared, will be found to be compensated by increasing its 
guantity.—It is not easy to offer clear and ‘iniconieneld 
examples of this law, and such as the student may submit 
to the test of experiment. ‘The following, however, may 
illustrate the proposition sufficiently: Mingle together, in a 
mortar, one part of muriate of soda (common salt) with half 
a part of red oxide of lead (litharge, or red lead), and add 
sufficient water to form a thin paste. The oxide of lead, 


“SECT. VIII. CHEMICAL AFFINITY, &c. 63 


on examining the mixture after twenty-four hours, will be 
found not to have detached the muriatic acid from the soda; 
for the strong taste of that alkali will not be apparent. In- 
crease the weight of the oxide of lead to three or four times 
that of the salt; and, after the same interval, the mixture 
will exhibit, by its taste, marks of uncombizied soda. This 
proves, that the larger quantity of the oxide must have de- 
tached a considerable portion of muriatic acid from the soda, 
though the oxide has a weaker affinity for that acid than 
the soda possesses. | 

Another illustration of the same general principle has 
been suggested by Berzelius. It is necessary to premise, 
that the colour of the compound of sulphuric acid with 
oxide of copper is blye, and that of muriatic acid with the 
same oxide, green. ‘l’o a saturated solution of sulphate of 
copper in water, add by degrees concentrated muriatic acid. 
Every addition will render the colour of the liquid more 
distinctly green, showing an increased production of mu- 
riate of copper; the oxide of copper being divided between 
the sulphuric and muriatic acids, in proportion to the quan- 
tity of each acid that is present. 
XV. Double elective affinity exemplified—In a watery 
solution of sulphate of zinc, immerse a thin sheet of lead: 
the lead will remain unaltered, as also will the sulphate of 
zinc, because zinc attracts sulphuric acid more strongly than 
lead. But let a solution of acetate of lead be mixed with 
one of sulphate of zinc: the lead will then go over to the 
sulphuric acid, while the zinc passes to the acetic. The 
sulphate of-lead, being insoluble, will fall down in the state 
of a white powder; but the acetate of zinc will remain in 
solution. ‘The changes that occur in this experiment will 
_ be better understood from the following scheme: 
i 


a 
as 
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| - Acetate of Zine: | 


Zinc Acetic Acid. | 


) Sulphate | Acetate... 


Water 7 
it at 60° ee 
Zine Lead 
| Sulph¢ Acid -Lead | | 
re pooricleg .eAl yay 
Sulphate of Lead 


The vertical brackets include thé: original compotitids, 
_ viz, sulphate.of zine, and acetate of lead; anid the Hori- 
zontal line and bracket point out the new onés,. vie acetate 
of ‘zinc and sulphate of lead. By the upper horizontal line, 
it is denoted, that: the acetate of ime remains in solution; — ‘ 
and, by the point of the lower bracket being directed down- 
wards, it'is meant to express, that the gaissees of lead falls 
down, or is precipitated. b OEE Doak ORs 
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CHAPTER III. 
OF HEAT OR CALORIC. 
—<fe-—. 


SECTION a 


General eee on Heat. 
Wwe we apply the hand toa body, which is hotter than 


itself, we are sensible of a peculiar feeling, which we agree 
to call the sensation of heat. At the same time we observe, 
in almost all bodies that are placed in the same situation 
-with the hand, certain effects, the most remarkable of which 
is an enlargement of their dimensions. ‘These circumstances, 
with very few exceptions, so constantly accompany each 
other, that we can have little or no hesitation in referring 
them to one and the same cause. Of the, nature of this. 
cause we have no satisfactory evidence; and we are unable 
to demonstrate either that it consists in any general quality 
of bodies, or that it resides in a distinct and peculiar kind of 
matter. The opinion, however, which best explains the 

henomena, is that which ascribes them to an extremely 
subtile fluid, of so refined a nature, as to be capable of in- 
sinuating itself between the particles of the most dense and 
solid bodies. To this fluid, as well as to the sensation 
which it excites, the term heat was formerly applied. But 
there was an obvious impropriety in confounding, under one 
appellation, two thin gs so distinct as a sensation and its cause; 
and the term caloric, first proposed by Lavoisier, is now, 
therefore, generally adopted to denote the cause of heat. 
Occasionally, however, in order to avoid too frequent a re- 
petition of the same word, the term heat is still employed 
in a more extensive sense, to express not only the sensation 
which it usually denotes, but also some of the modifications — 
of caloric. . | 

WOLs. f, F 
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Caloric, so far as its chemical agencies are concerned, may 
be chiefly considered under two views—as an antagonist to 
the cohesive attraction of bodies— and as concurring with, 
and increasing elasticity. By removing the particles of any 
solid to a greater distance from each other, their cohesive 
attraction is diminished; and one of the principal impedi- 
ments to their union with other bodies. is overcome. On 
the other hand, caloric may be infused into bodies in such 
quantity, as not only to overcome cohesion, but to place 
their particles beyond the sphere of chemical affinity. Thus, 
in the class of substances called gases, the ponderable in- 
gredient, whether solid or ligqnid, is dissolved in so much 
caloric, that m mechanical properties the gases agree with 
the air of our atmosphere, and especially in being per- 
manently elastic. Different bodies of this class do not, in 
general, unite by simple mixture. But if, of two gases, we 
employ either one or both in a state of great condensation, 
or compress their particles. nearer to each other by any. 
means, the gravitating matter of both unites, and forms a 
new compound. ‘Thus hydrogen and oxygen gases remain 
together in a state of mixtur¢,. for any length of time, with- 
eut combining; but if we force their particles into a state 
of contiguity, by sudden and violent mechanical pressure, | 
they unite and compose water. In many cases, also, when 
two bodies are combined together, one of which is fixed, 
and the other becomes elastic by union with caloric, we are 
able, by its interposition alone, to effect their disunion. 
Thus carbonate of lime gives up its carbonic acid by the 
mere application of heat. 

We may consider, then, all bodies in nature as. subject to. 
the action of two opposite forces, the mutual attraction of . 
their particles on the one hand, and the repulsive power of 
caloric on the other; and bodies exist in the solid, liquid, 
or elastic state, as one or the other of these forces prevails. 
Water, by losing caloric, has its cohesion so much: in« 
creased, that it assumes the solid form of ice; adding calo~ 
ric, we diminish again its cohesion, and render it fluid ; 
and, finally, by a still faxther addition of caloric, we: change 
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it ints vapour, and give | ‘it so much elasticity, that it may 
‘be rendered capable of bursting the strongest vessels, In 
many liquids, the tendency to "elasticity is even so great, 
that they pass to the gaseous form by the mere removal of 
the weight of the atmosphere. 

Caloric, like all other bodies, may exist in two different 
states, in a state of freedom, and in a state, either of com- 
bination or of something nearly resembling it. In the 
former state, it is capable of exciting the sensation of heat, 
and of producing expansion in other bodies. ‘To this mo- 
dification the terms free or uncombined caloric, or caloric of 
temperature, have been applied. By the term temperature - 
we are to understand the state of a body relatively to its 
power of exciting the sensation of heat, and occasioning 
expansion; effects which, in all probability, bear a propor- 
tion to the quantity of free caloric in a given space, or in a 
given quantity of matter. Thus what we call a high tem- 
perature may be ascribed to the presence of a large quantity 
of free caloric; and a low temperature to that of a small 
quantity. We are unacquainted, however, with the extremes 
of temperature; and may compare it to a chain, of which a 
few middle links only are exposed to our observation. 

The degree of expansion produced by caloric, it will af 
terwards appear, bears a sufficient proportion to its quan- 
tity, to afford us a means of ascertaining the latter with to- 
lerable accuracy. In estimating temperature, indeed, our 
senses are extremely imperfect; for we compare our sensa- 
tions of heat, not with any fixed or uniform standard, but 
with those sensations, of which we have had immediately 
previous experience. ‘T’he same portion of water will feel 
warm to a hand removed from contact with snow, and cold 
to another hand, which has been heated before the fire. To 
convey, therefore, any precise notion of temperature, we are 
obliged to describe the degree of expansion produced in 
some one body, which has been, previously agreed upon as a 
standard of comparison. Thé standard most commonly 
employed is a quantity of quicksilver, contained in a glass 
ball, which: terminates in a long narrow tube. This instru- 

_ FB 


68 OF HEAT OR CALORIC. CHAP, IH- 


ment, called a thermometer, is of the most important use in 
acquiring and recording our knowledge of the properties 
and laws of caloric. The thermometer, however, it must 
‘be obvious, is no otherwise a measure of the quantity of ca- 
loric, than as it ascertains the amount of one of its principal 
effects. In this respect, it stands in much the same predi- 
cament as the hygrometer, when considered as a mean of 
determining the moisture of the atmosphere. . This last in- 
strument, it may be remembered, is composed of some sub- 
stance (such as a hair or a piece of whip-cord) which is 
lengthened by a moist atmosphere and contracted by a dry _ 
one; and in a degree proportionate to the moisture or dry- 
ness. But all the information, which the hygrometer gives 
us, is the degree of moisture between certain points that 
form the extremities of its scale; and it is quite incompetent 
to measure the absolute quantity of watery vapour in the air. 
In explaining those properties and laws of caloric, which 
have become known to us by means of the thermometer, it 
appears a sufficiently natural division of the subject to de- 
scribe, Istly, those effects which caloric produces, without 
loosing its properties of exciting the sensation of heat and 
occasioning expansion ;—and, 2dly, those agencies, in which 
its characteristic properties are destroyed, and in which it 
ceases to be cognizable by our senses or by the thermometer. 
_ ‘The EXPANSION or DILATATION of bodies, it will appear, is 
almost an universal effect of an increase of temperature. Its 
‘amount, however, is not the same in all bodies, but differs 
very essentially. By the same increase of temperature, li- 
quids expand more than solids, and aériform bodies more 
than either. Nor is the same quantity of expansion effected 
4n the same solid or liquid, by adding similar quantities of 
heat; for, generally speaking, bodies expand by equal incre- 
-ments of caloric, more in high than in low temperatur es. 
The explanation of this fact is, that the force opposing ex- 
pansion (viz. cohesion) is diminished by the interposition of 
caloric between the particles of bodies ; and, therefore, when 
equal quantities of caloric are added in ‘succession, the last 
portions meet with less resistance to their expansive force 
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than the first. In gases, which are destitute of cohesion, 
equal increments of heat appear, on the contrary, to be at- 
tended with precisely equal augmentations of bulk. 

An important property of free caloric, the knowledge of - 
which has been acquired by means of the thermometer, is its 
tendency to an equilibrium. When a heated ball of iron is 
exposed to the open air, the caloric, which is accumulated — 
in it, flows out; and its temperature is gradually reduced to 
that of the surrounding medium. ‘This is owing to two dis- 
tinct causes: the air, immediately surrounding the ball, ac- 
quires part of the caloric which escapes; and, having its bulk 
increased, is rendered specifically lighter and ascends. This 
is succeeded by a cooler and heavier portion of air from 
above, which, in its turn, is expanded and carries off a se- 
cond quantity of caloric. Hence a considerable part of the 
caloric, which is lost by a heated body, is conveyed away 
by the ambient air. But the refrigeration cannot be wholly 
explained on this principle; for it has been long known that 
heated bodies cool, though with less celerity, under the ex- 
hausted receiver of an air BOLE ite even in a Torricellian 
vacuum. 

When the phenomena accompanying the cooling of bodies 
are accurately examined, it is found that a part of the caloric, 
which escapes, moves through the atmosphere with immea- 
surable yelocity.. In an experiment of M. Pictet, no per- 
ceptible interval took place between the time at which caloric 
quitted a heated body, and its reception by a thermometer 
at the distance of sixty-nine feet. It appears also to move 
with equal ease in all directions, and not to be at all impeded 
by a strong current of air meeting it transversely. Hence it 
follows that the propagation of caloric, in this state of rapid 
movement, does not depend on any agency of the medium 
through which it passes ; a conclusion strengthened by the 
experiments of Sir H. Davy, who has shown that, in a re- 

ceiver exhausted to -1,, the effect of radiation is three times 

greater than in an atmosphere of the ordinary density. Like 
light, heat appears to be transmitted in parallel rays; and it 
has, therefore, under this modification, been called RADIANT 
CALORIC. 
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The proportion of caloric, lost’ by a heated body, in these 
two different ways, may be approximated by observing what 
_ time it takes to cool, through the same number of degrees, 
in air and in vacuo. By experiments of this kind, Dr.. 
Franklin thought he had ascertained that a body, which re- 
quires five minutes in vacuo, will cool in air, through the 
; same number of degrees, in two minutes. Count Rumford’s 

experiments with a Torricellian vacuum give the propor- 
tions of 5 to $. It will, perhaps, not be very remote from 
the truth, if it be stated, in general terms, that one half of the 
caloric, lost by a heated body, escapes by radiation, and that 
the rest is carried off by the ambient atmosphere. 

The radiation of caloric appears to bear a proportion to 

the elevation of temperature of a body above that of the sur- 
rounding medium. Hence in part it is, that a heated body, 
during refrigeration, loses unequal quantities of caloric 
‘in equal times. The series appears to be pretty nearly a 
geometrical one. Thus, supposing the temperature of a 
body to be 1000 degrees above the surrrounding medium, 


In the first minute it will lose 2, of its: heat or 900° 
In the second. «+++ ++e+++ sep ofthe remainder = 90 
In the third .. +--+ seeeees sees ia’e OF 10 Ie cea te 


This law of refrigeration, it is asserted by Dr. Delaroche, 
though nearly accurate at low temnhexpiiners, is far from be-_ 
ing so at high ones. 

The movement of caloric by radiation occurs only j in free 
space, or through transparent media. But caloric is capa- 
ble, also, of passing through dense and opake bodies, though 
with prodigiously impaired velocity. Thus a long bar of 
iron, heated at one end, requires considerable time to be- 
come hot at the other. This property in bodies has been 
called their CONDUCTING POWER, and it exists, in different 
bodies, in very different degrees. It is not, however, found 
to bear a proportion to any other quality of bodies. 

All the properties « of caloric, which have been hitherto de- 
scribed, belong to it when in a free or uncombined form; for 
it continues to produce the sensation of heat and to expand 
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the mercury of the thermometer. In the instances of. its 
agency, also, that have been mentioned, no permanent 
change of form or of properties is effected in the bodies 
which have imbibed caloric. A bar of iron, after being ex> 
panded by heat, returns. on cooling to the same state as be- 
fore, and exhibits a)l its former qualities. In certain cases, 
however, caloric is absorbed by bodies, with the loss of its 
distinguishing properties. It can then be no longer disco- 
vered by our senses or by the thermometer; and it produces 
important and sometimes permanent changes in the bodies _ 
- into which it enters. 

.. Those effegts of caloric, in the production of which it loses 
its distinguishing properties, may be ving under twe gene- 
ral heads. 

I. All bodies, in passing from a denser to a rarer state, ab- 
ae caluric.—Thus solids, during liguefaction, imbibe a 
quantity of caloric, which ceases to be apparent to our senses 
‘or to the thermometer; or, as it has been termed, becomes 
latent. In a similar manner, solids and liquids, during their 

-eonversion into vapours or gases, render latent a quantity of 
caloric, which is essential to the elasticity of the new pro- 
duct. In common language cold is, in such cases, said to 
be produced ; but by the production of cold we are to under- 
stand, in philosophical language, nothing more than the — 

~ passage of caloric from a free to a latent form. 

II. All bodies, by an increase of density, evolve or give out 
caloric, which passes from a latent toa free state-—The sim- 
pilest illustration of this law is in the effect of hammering a 
- piece of metal, which may thus be intensely heated, while all 
that is effected is an ‘augmentation of its density. Liquids 
- by becoming solids, or gases by conversion into liquids, also, 
evolve caloric, or produce an increase of temperature. A 
pound of: water, condensed from steam, will render 100 
pounds of water at 50° warmer by 11°; whereas a pound: of 
boiling water will produce the same rise of temper ature in 
no more than about 131 pounds. This is owing to the much 
greater quantity of caloric, existing in a pound of steam, than © 
ina pound of boiling water, though steam and boiling water 
- affect the thermometer in precisely the same degree. 
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It is a question which has excited considerable interest 
among philosophers, whether caloric, when thus absorbed 
and rendered latent, enters into chemical combination, or is 
merely united by the same kind of ties as that portion of ca- 
loric that produces the temperature of bodies. _ Does ice, for 
example, when changed into water, form a chemical union 
with caloric, similar to that which exists between potash and 
sulphuric acid? Such appears to have been the opinion of 
Dr. Black, who, by the powers of an original and well-di- 
rected genius, discoyered the greater number -of those facts 
that form the groundwork of the theory of latent heat. The 
resemblance, however, between chemical union and the dis- 
appearance of caloric, which, on first view, appears extremely 
striking, will be found, it must be confessed, less close on a — 
nearer eaten ancy For. caloric may be made to quit those _ 
bodies, into which it has entered with the loss of its peculiar | 
properties, merely by reducing their temperature; whereas 
chemical combinations in general cannot be destroyed, ex- 
cept by the interference of more energetic affinities. In op- 
position to the foregoing theory, it has been contended that 
the absorption of caloric by bodies is a consequence of what 
has been called a change of their capacity. ‘Thus ice, it is 
supposed, in becoming water, has its capacity for caloric in- 
creased, and the absorption of caloric is a consequence of this 
increased capacity. The theory, however, is deficient, inas-. 
much as it fails to explain what is the cause of that change of 
form, which jis assumed to account for the increase of capa~ 
city. Notwithstanding this obvious objection, I have retained 
the term capacity to express, in the abstract, that power by 
which bodies absorb and render latent different quantities of 
caloric;.or the property of requiring more or less caloric. for | 
raising their temperature an equal number of degrees. ‘The 
absorption of caloric, then, will always he owing to an in- 
_ crease, and its evolution toa decrease, of capacity. . The use — 
of these terms may be exemplified by a slight change of the 
perspicuous language of Dr. Crawford. ‘* The capacity for 
containing caloric *,” he observes, ‘and the absolute caloric 
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contained, are distinguished as a force from the subject upon 
which it operates. When we speak ofthe capacity, we mean 
a power inherent in the heated body; when we speak of the 
absolute caloric, we mean an unknown principle, which is re- 
tained in the body by the possession of this power; and 
when we speak of the temperature, we consider the unknown 
prmsiple as producing certain effects upon the cpp 
meter.” 

As the capacities of bodies determine their abeokute: quan- 
tities of caloric, it seems reasonable to conclude, that if we can 
ascertain how much caloric a body. absorbs or gives out in 
changing its form, and in what proportion its capacity is at 
the same time altered, we may deduce the alsolute quantity 
of heat which it contains. Now it will be afterwards shown 
that the heat, evolved by water in freezing, 1s equal to 140°; 
and the capacity of water has been stated to bear to that of 

ice the prpporsin of 10to 9. Water, then, in becoming ice, 
~ must give out -,th of its whole caloric, and as this amounts 
to 140°, ten eues 140 (or 1400°) is the whole quantity of 
caloric in water at the temperature of 82°; and deducting 
140 from 1400, we have 1260° for the caloric contained in 
the ice itself. ‘This method of determining the problem ap- 
pears, however, to me, to be liable to several objections, 
which it would take up too much room to state in this place, 
and which I have elsewhere urged at considerable length*. 

These general observations I have deemed it necessary to 
make, with a view of connecting together the propositions 
respecting caloric, and the experiments illustrating them, 
that form the subject of the following sections. The i inquiry 
respecting heat is one which presents a boundless field for 
interesting speculation ; and it would have been easy to have 
extended very considerably the discussion of its nature and 
properties. . But in this work, I have no farther object than 
to lead the student, by easy steps; to a knowledge of what 
has been actually determined by experiment, or strictly and | 
legitimately deduced from it. 


+ Manchester Memoirs, vol. v.; or Phil, Mag, 
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SECTION I. 
Illustrations of the Effects of Free Caloric. 
I. Caloric. expands all bodies —The expansion of liquids 


is shown by that of the mercury of a thermometer, or by im- 
mersing in hot water a glass mattras (pl. i. fig. 4), filled, up 
to a mark in the neck, with spirit of wine, tinged with any 
eolouring substance. The spirit expands immediately when 
heated, and would overflow if not placed i in a cooler situa- 
tion. The degree of expansion produced in different liquids, » 
by similar elo-venianlé of temperature, varies very consider- 
ably. ‘Thus; water expands much more than mercury, and 
aleohol more than water. This difference of expansibility is 
even sufficiently striking to appear in a remarkable degree, 
when we immerse, in water heated to 150°, three equal glass 
vessels of the shape of thermometer tubes, containing the 
one mercury, the other water, and the third spirit of wine. 
The spirit will begin to escape from the aperture of the ves~ 
sel, before the mercury has ascended far in the stem*. The 
expansion of aériform bodies is shown, by holding, near the 
fire, a bladder filled with air, the neck of which is closely 
tied, so as to prevent the enclosed air from escaping. The 
bladder. will soon be fully distended, and may even be burst - 
by continuing and i increasing the heat. All aeriform bodies 
oi the same expansion by the same additions of heat, 
-or =1, part of their bulk for each degree of Fahrenheit’s ther- 
| soudces between the freezing and boiling points. The ex~ 
pansion of solids is evinced, by heating a rod of iron, of such 
a length as to be included, when bla: between two points, 
and the diameter of which is such, as barely to allow it to pass. 
through an iron ring. When heated, it will have become 
sendittey longer; and it will be found incapable of passing 
through the ring. This property of metals has been applied 
to the construction of an instrument for measuring tempe- 
rature, called a pyrometer, a neat and distinct representation 


* See atable of the expansion of liquids in the Appendix. 
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of which is given in the first volume of “* Chemical Conver- 
sations.” | 

The degree of expansion is not hee same for all solids, and _ 
even differs materially in substances of the same class. Thus, 
the metals expand in the following order, the most expansi- 
ble being placed first ; zinc, lead, tin, copper, bismuth; iron, 
steel, antimony, palladium, platina*. 

_All the above bodies return again, on cooling, to their 
former dimensions. 

‘IL. Construction of the iaiheeinoten founded on the eine: 
ciple of expansion.—The thermometer is an instrument of so 
much importance, that it may be expedient to explain the 
construction of the different kinds which are required in che- 
mical researches. : 

- The instrument employed by Sanctorio, to slot the in- 
vention of the thermometer is generally ascribed, was of a 
very simple kind, and measured variations of temperature 
by the variable expansion of a confined portion of air. To 
prepare this instrument, a glass tube (pl. i. fig. 9) is to be 
provided, eighteen inches long, open-at one end, and blown - 

‘into a ball at the other. On applying a warm hand to the 
ball, the included air expands, and a portion is expelled 
through the open end of the tube. In this state, the aper- 

ture is quickly immersed in a cup filled with any coloured 
liquid, which ascends into the tube, as the air in the ball 
contracts by cooling. The instrument is now prepared. An 
increase of temperature forces «the liquor down the tube; 
and, on the contrary, the application of cold causes its 
ascent, These effects may be exhibited, by alternately ap- 

plying the hand to the ball, and then blowing on it with a 
pair of bellows.. By the application of a graduated scale, 
the amount of the expansion may be measured. 

~The ball .of the above instrument, it must be obvious, 
cannot be conveniently applied to measure the tempera- 
ture of liquids. For adapting it to this purpose, a slight 
variation may be made in its construction, as represented 


* See the table in the Appendix. 
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fig.8, a. To prepare this instrument, a small spherical 
glass vessel is to be about one 6th or one 4th filled with 
any coloured liquid. The tube, open at both ends, is then | 
to be cemented into the neck, with its lower aperture be~ 
neath the surface of the fluid. The expansion of the in+ 
cluded air drives the liquid up the stem, to which we may 
affix a graduated scale, corresponding with that of a com- 
mon mercurial thermometer. Other modifications have 
also been made by different philosophers. One of the 
most useful and simple forms is represented fig. 8, U. - It 
consists merely of a tube of very small bore, from 9 to 12 
inches long, at one end of which is blown a ball, from half 
an inch to an inch in diameter, which is afterwards black- 
ened by paint, or by the smoke of a candle. A small co- 
lumn of coloured liquid, about an inch in length, is then 
introduced, by a manipulation similar to that already de- 
scribed. To fit the instrument for use, this column: ought 
to be stationary, about the middle of the tube, at the com- 
mon ‘temperature of the atmosphere. The slightest varia- 
tion of temperature occasions the movement of the coloured 
liquid; and a scale of equal parts measures the amount’ of 
the effect. | | 
An insuperable objection, however, to alae air thermo- 
meter, as thus constructed, is, that it is affected, not only 
by changes of temperature, but by variations of atmospheric 
pressure. Its utility consists in the great amount of the ex 
pansion of air, which, bya given elevation of tempera- 
ture, is‘ increased in bulk above twenty times more than 
mercury. Hence it is adapted to detect minute changes of 
temperature, which the mercurial thermometer would 
scarcely discover. hk J EB ak 6 
An important modification of the air herniemeter has | 
been invented by Mr. Leslie, and employed by him, with 
great advantage, in his interesting researches respecting 
heat. To this instrument he has given the name of, the 
Differential Thermometer. | Its construction is as follows: 
* Two glass tubes of unequal length, each terminating in 
a halide ball, and having their botts somewhat widened 
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at the other ends (a small. portion of sulphuric acid, tinged 
with carmine, being introduced into. the ball of the longer 
tube), are joined together by the flame of a blow-pipe, and 
afterwards bent nearly into the shape of the letter U (see 
fig. 7), the one flexure being made just below the joining, 
where the small cavity facilitates the adjustment of the in- 
strument. This, by a little dexterity, is performed, by 
forcing, with the heat of the hand, a few minute globules 
of air from the one cavity into the other. The balls are 
blown as equal as the eye can judge, and from four 10ths to 
seven 10ths of an inch diameter. ‘The tubes are such as _ 
are drawn for thermometers, only with wider bores; that 
of the short one, to which the scale is affixed, must have 
an exact calibre of a 50th, or a 60th, of an inch. The 
bore of the long tube need not be so regular, but should 
be visibly larger, as the coloured liquid will then move 
quicker under any impression. _ Each leg of the instrument 
is from three to six inches in height, and the balls are from 
two to four inches apart. 

«¢ A moment’s attention to the construction of this instru- 
ment will satisfy us, that it is affected only by the differ- 
ence of heat in the corresponding balls; and is calculated 
to measure such difference with peculiar nicety. As long 
_ as both balls are of the same temperature, whatever this 
may be, the air contained in both will have the same elas- 
ticity, and, consequently, the intercluded coloured liquor, 
being pressed equally in opposite directions, must remain 
stationary. But if, for instance, the ball which holds a 
portion of the liquor be warmer than the other, the supe- 
rior elasticity of the confined air will drive the liquid for- 
wards, and make it rise, in the opposite branch, above the 
zero, to an elevation proportional to the excess of elasti- 
city, or of heat.” The amount of the effect is ascertained 
by a graduated scale, the interval between freezing and 
boiling being distinguished into 100 equal degrees. ‘This in- 
strument, it must be obvious, cannot be applied to measure 
variations in the temperature of the surrounding atmo- 
sphere, for the reason already assigned. It is peculiarly — 
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adapted. to ascertain the difference of the temperatures of 
two' contiguous spots in the same atmosphere; for example, 
to determine the heat in the focus of a reflector. | 

Thermometers, filled with spirit of wine (a liquid which 
has not been congealed by any degree of cold hitherto pro- 
duced), are best adapted to the measurement of very low 
temperatures, at which mercury would freeze. The amount 
of the expansion of alcohol, also, which exceeds that of 
mercury above eight times, fits it for ascertaining very slight 
variations of temperature. But it cannot be applied to mea- 
sure high degrees of heat; because the conversion of the 
spirit into vapour would burst the instrument. 

The fluid, best adapted for filling thermometers, is mer- 
cury, which, though it expands less in amount than air, or 
alcohol, still undergoes this change to a sufficient degree; 
and, in consequence of its difficult conversion into vapour, — 
may be applied to the admeasurement of more elevated — 
temperatures. Asa considerable saving of expense will ac- — 
crue to the experimentalist, who is able to construct mercu- 
rial thermometers, .I shall offer some rules for this purpose. 

In general, however, I should deem it preferable merely to 
, superintend their construction, and to be satisfied, by actual 
inspection, that the necesssary accuracy is observed; be- 
cause much time must be unavoidably lost, in acquiring the 
manual skill which is essential to construct them neatly. 

Thermometer tubes may be had at the glass-house, and . 
of various philosophical instrument makers. In purchasing 
them, those should be rejected that are not , hermetically 
sealed at both ends; because the smallest condensation of © 
moisture, which must take place when air is freely ad-_ 
mitted within the tube, is injurious to the accuracy of the - 
instrument... A small bottle of elastic gum should be pro- 
vided, in the side of which a brass eiilver is fixed, or a piece 
of brass perforated by a small hole, to be occasionally 
stopped by the hand. A blow-pipe is also an essential part 
of the apparatus; and, in addition to one of the ordinary 
kind, it will be found useful to have one which is supplied 
with air by a pair of double bellows, worked by the foot. 

1 
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_ Before proceeding to the construction of the thermonie- 
ter, it is necessary to ascertain, that the tube is of equal 
diameter in different parts. ‘This is done by breaking off 
both of the sealed ends, immersing one of them an inch or 
two deep in clean and dry mercury, and then closing the 
other end with the finger.. On withdrawing the tube from 
the mercury, a small column of that fluid remains in it, the 
length of which is to be examined, by laying the tube ho- 
rizontally on a graduated ruler*. By inclining the tube, 
this column may be gradually moved through its whole 
length; and ifthe tube be of uniform bore, it will measure 
the same in every part. Such a degree of perfection, how- 
ever, is scarcely ever to be observed throughout tubes of 
considerable length; but, in general, a portion of the tube 
wiJl be found perfect, of sufficient length for a thermome- 
ter, and this part is to be broken off. 

On one end of the tube let the neck of the elastic bottle 
be firmly tied ; and let the other end be heated by the flame 
of the biow-pipe, till the glass softens. The softened part 
must then be pressed, by a clean piece of metal, into the 
form of a rounded button; and to this the flame of the 
lamp must be steadily applied, till it acquires a white heat, 
and seems about to enter into fusion. To prevent its fall-, 
ing on-one side, the tube, during this time, must be con- 
stantly turned round by the hand.. When the heated part 
appears perfectly soft, remove it quickly from the lamp, 
and, holding the tube vertically, with the elastic bottle 
uppermost, press this last gently with the hand. The glass. 
will be blown into a small ball, but not into one sufficiently 
thin for the purpose. ‘To this the flame of the lamp must 
. again be applied, turning it quickly round; and, on a se-_ 
abn or third repetition of the process of blowing, the ball 
will be completely formed. The proportion of the size of 


* Tf the tube be of an extremely small bore, the mercury will not 
enter, and must be drawn in by aap action of the elastic pease and not 
by the mouth. “ . 
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the ball to the bore of the tube, can only be learned by 
some experience. 

. To fill the ball, which has been thus formed, with mer- 
cury, the air must first be expelled by holding it over the 
flame of an Argand’s lamp, and then quickly immersing 
the open end of the tube in very clean and dry quicksilver.. 
As the ball cools, the mercury will ascend, and will partly 
fill it. Let a paper funnel be tied firmly over the open end 
of the tube; into this pour a small portion of quicksilver, 
and apply the heat of the lamp to the ball. Any remaining 
portion of air will thus be expelled; and if the heat be 
raised so as to boil the mercury, the ball and stem will be 
filled with mercurial vapour, the condensation of which, on 
removing the. ball from the lamp, will occasion a pretty: 
complete vacuum. Into this. vacuum, quicksilver will de- 
scend from the paper cone; and the instrument will be com- 
pletely filled. But for the purpose of a thermometer, it is 
necessary that the mercury should rise only to a certain 
height of the stem; and a few drops may, therefore, be ex- 
pelled by cautiously applying the heat of the lamp. ‘To 
estimate whether the proper quantity of quicksilver has 
been left in the instrument, immerse the ball first in ice- 
cold water, and then in the mouth. The space between 
these two points will comprise 63 degrees, or pretty nearly 
one 3d of the whole space between the freezing and boiling 
points of water. If the empty part of the Agi exceeds, 1 in 
length, about three times the portion thus filled by the ex- 
panded quicksilver, we may proceed. (when an instrument 
is wanted with a scale including only from 32° to 212°) to 
seal it hermetically: which is done as follows: The part to 
be sealed is first heated with the blow-pipe, and drawn out’ 
to a fine capillary tube; the bulb is then heated, till a few 
particles of quicksilver have fallen from the top of the tube: 
at this moment, the flame of another candle is directed, by: 
the blow-pipe, on the capillary part of the tube, the candle 
is withdrawn from the ball, and the tube is sealed, at. 
‘the instant when the mercury begins to descend. © If this 
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operation has been skilfully performed, so as to leave no 
air in the tube, the whole of the tube should be filled with 
quicksilver on holding the instrument with the ball upper- 
most. | | y 

To have very large degrees, the ball must bear a consi- 
derable proportion to the tube; but this extent of scale can- 
not be obtained without sacrificing, in some measure, the 
sensibility of the instrument. The whole of the process of 
constructing thermometers neatly and accurately, is con- 
nected with the possession of manual skill, which practice 
only can confer; and it is scarcely possible, without the most 
tedious minuteness, to describe all the necessary precautions 
and manipulations. These will readily suggest themselves to 
a person who carries the above instructions into effect. 

In graduating thermometers, the first step consists in 
taking the two fixed points. ‘The freezing point is ascer- 
tained, by immersing, in thawing snow or ice, the ball and 
part of the stem; so that the mercury, when stationary, 
shall barely appear above the surface. At this place let a 
mark be made with a-file. In taking the boiling point, 
considerable caution is required; and, for reasons which 
will afterwards be stated, attention must be paid to. the 
state of the barometer, the height of which, at the time, 
should be precisely 29.8. .A tin vessel is to be provided, 
(for, according to Gay Lussac *, one of glass.leads to er- 
roneous results, ) four or five inches-longer than the thermo~ 
meter, and furnished with a cover, in which are two holes. 
Through. one of these, the thermometer stem must be 
passed (the bulb being within the vessel), so that the part, 
at which the boiling point is expected, may be just in sight. 
The other hole may be left open; and the cover being fixed 
in its place, the vessel, containing a few inches of water at 
the bottom, ‘is to be set on the fire. The thermometer will 
presently be wholly surrounded by steam; and when the 
mercury becomes stationary in the stem, its place must be 
marked. The scale of Fahrenheit is formed by transferring 
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the intermediate space to paper by a pair of compasses, and 
dividing it into 180°, the lowest being called 32°, sand the 
highest 212°. The scale of other countries, however, dif- 
fers considerably ; but these variations do not prevent the 
comparison of observations with different instruments, when 
the freezing and boiling points of water are agreed upon ‘as 
fixed data. Jn the Appendix, rules will be given for con- 
verting the degrees of other scales to that of Iahrenheit. 

Ill. The dilatations and contractions of the fluid in the 
mercurial thermometer, are nearly proportional to the quan= 
tities of caloric, which are communicated to the same homo- 
geneous bodies, or separated from them, so long as they re- 
tain the same form. 

Thus a quantity of caloric, required to raise a body 20° 
in temperature, by the mercurial thermometer, is nearly 
double that which is required to raise it 10°. Hence there 
appears to be a pretty accurate proportion between the in- 
crements or decrements of heat, and the increments and 
decrements of expansion in the mercury of a thermometer. 
On this principle, if equal quantities of hot and cold water 
be mixed together, and a thermometer be immersed in the 
hot water, and also in the cold, previously to the mixture, 
the instrument should point, after the mixture, to the arith- 
metical mean, or to half the difference of the separate heats, 
added to the less or subtracted from the greater. This 
will be proved to be actually the fact, by the following ex: 
periment. Mix a pound of water at 172° with a pound at 
32°. Half the excess of the caloric of the hot water will 
pass to the colder portion; that is, the hot water will 
be cooled 70°, and the cold will receive 70° of temperature; 
therefore 172— 70, or 32 + 70102, will give the heat of | 
the mixture. To attain the arithmetical mean exactly, se- 
veral precautions must be observed *. 

The experiments of De Luc, however, hice shown, that 
the ratio of expansion does not, strictly, keep pace with the 
actual increments of temperature; and that the amount of 
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the expansion increases with the temperature. Thus if a 
given quantity of mercury, in being heated from $2 to 122°, 
the first half of the scale, be expanded 14 parts, in being 
raised from 122 to 212, the ria half, it will be Shiogsin 
re parts, 

From the inquiries of Mr. Dalton, it appears to follow, 
that the irregularity of the expansion of mercury is consi- 
derably greater than hag been ‘stated by De Luc. By the 
common mercurial thermometer, we cannot ascertain the 
true rate of expansion in quicksilver; for it must be ob- 
vious that the expansion of the glass ball, in which it is 
contained, must considerably affect the result. If its capa- 
city remained unaltered, we should then be able to deter- 
mine the actual rate of expansion; but by an increase of 
temperature its capacity is enlarged, and space is thus found, 
within the ball, for the expansion of that mercury, which 
would otherwise be driven into the tube. By knowing the 
rate of expansion in glass ‘itself, we can correct this error ; 
but a small error in this datum will lead us considerably 
wrong as to the true expansion of quicksilver. The real 
expansion of mercury in glass is greater than the ihe 
by the expansion of the glass itself. 

Making due correction for this circumstance, Mr. Dalton 
has been’ led’ to conclude from his experiments, that not- 
_ withstanding the apparent diversities of expansion in dif- 
ferent fluids, they all actually expand according to the same 
law; vix. that the quantity of expansion is as the square of 
the temperature from their respective freezing points, or from 
their points of greatest density. If then a thermometer be 
constructed, with degrees corresponding to this law, they - 
will be found to differ very considerably from those of the 
common mercurial thermometer, in which the space between 
freezing and boiling is divided into 180 equal parts. Inthe 
Appendix will be found a table showing the correspondence 
between the old scale, and the new one constructed on Mr. 
Dalton’s principle. 

— IV. Uncombined caloric has a tendency to an equilibrium. 
Any number of different bodies, at various temperatures, if 
G2 
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placed under similar circumstances of exposure, all ac- 
quire a common temperature. ‘Thus, if in an atmosphere 
at 60°, we place iron filings heated to redness, boiling water, — 
water at $2°, and various other bodies of different tempe- 
ratures, they will soon affect the thermometer in the same 
degree. ‘The same equalization of temperature is attained, 
though less quickly, when a heated body is placed in the va- 
cuum ofan air-pump. The rate of cooling in air is to that in 
vacuo, the temperatures being equal, nearly as five to two. | 


IL. Motion of Free Caloric.—1. Its Radiation.—2. Its Pas- 
sage through Solids and Fluids. 


Caloric escapes from bodies in two different modes.— Part 
‘of it finds its way through space, independently of other 
matter, and with immeasurable velocity. In this state it 
has been called, radiant heat, or radiant caloric. 

Raprant catorre exhibits several interesting properties, 

1. Its reflection. - (a) Those surfaces; that reflect light 
most perfectly, are not equally adapted to the reflection of 
caloric. Thus, a glass mirror, which reflects light. with 
great effect when held before a blazing fire, scarcely returns 
any heat, and the mirror itself becomes warm. On the 
contrary, a polished plate of tin, or a silver spoon, when 
similarly placed, reflects, to the hand, avery sensible de- 
sree of warmth; and the metal itself remains cool. Metals, 
therefore, are much better reflectors of caloric than glass; 
and they possess this property, exactly according to their 
degree of polish. | 

(4) Caloric is reflected ater to the same law that re- 
gulates the reflection of light. ‘This is proved by an inte- 
resting experiment of M. Pictet; the. means of repeating 
which may be attained at a moderate expense. Provide two 
reflectors of planished tin (a and 0, fig. 45), which may be 
12 inches diameter, and segments of a sphere of nine inches 
radius. Parabolic mirrors are still better adapted to the 
purpose; but their construction is less easy. Each of these . 
‘must be furnished} on its convex side, with the means of 
supporting it in a perpendicular position on a proper stand, 
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Place the mirrors opposite to each other on a table, at the 
distance of from six to 12 feet. Or they may be placed in 
a horizontal position, as represented in the fourth plate to 
Sir H. Davy’s Chemical Philosophy, an arrangement in 
some respects more convenient. In the focus of one, let the 
ball of an air thermometer, c, or (which is still better) one 
of the balls of a differential thermometer, be situated; and 
in. that of the other, suspend a ball of iron, about. four 
ounces in weight, and heated below ignition, or a small 
mattras of hot water, d; having previously interposed a 
screen before the thermometer. Immediately on withdraw- . 
ing the screen, the depression of the column of liquid, in. 
the air thermometer, evinces an increase of temperature in 
the instrument. In this experiment, the caloric flows first 
from the heated ball to the nearest reflector; from this it is 
transmitted, in parallel rays, to the surface of the second 
reflector, by which itis collected into a focus on the instru- 
ment. ‘This is precisely the course that is followed by ra- 
diant light ; for if the flame of a taper be. substituted for the 
iron ball, the image of the candle will appear precisely on 
that spot (a sheet of paper being presented for its reception) 
where the rays of caloric were before concentrated. 

 (c): When a glass vessel, filled with ice or snow, -is sub- 
stituted for the heated ball, the course of the coloured li- 
quid in the thermometer will be precisely in the opposite 
direction; for its ascent will show, that the air in the ball 
is cooled by this arrangement. ‘This experiment, which 
appears, at first view, to indicate the reflection of cold, pre- 
sents, in fact, only the reflection of heat in an opposite di- 
rection; the ball of the thermometer being, in this instance, 
the hotter body. ‘ And since heat emanates from bodies 
in quantities greater as their temperature is higher, the in- 
troduction of a cold body into the focus. of one mirror, 
necessarily diminishes the temperature of a thermometer in 
the focus of the other, in the same manner as a black body 
placed in the focus of the one, would diminish the quantity 
se phic in the focus of the other *. 


x Davy’s Chem. Philos. p. 206. 
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(d )} In Mr. Leslie's “ Enquiry into the Nature, &c., of 
Heat,” @ variety of important experiments are detailed, 
which show the influence of covering the reflectors with va- 
rious substances, or of mechanically changing the nature 
of their surfaces, on their power of returning caloric. 

2. Caloric is refracted, also, according to the same law 
that regulates the refraction of light. ‘This interesting dis- 
covery we owe to Dr. Herschell, whose experiments and 
apparatus, however, cannot be understood without the as- 
sistance of a plate. For this reason, I refer to his paper in 
the 90th vol. of the Philosophical Transactions, or in the 
7th vol. of the Philosophical Magazine. 

8. The nature of the surface of bodies has an important 
influence over their power of radiating caloric. 

To exhibit this influence experimentally, let a canister 
of planished block tin, forming a cube of six or eight 
inches, be provided, having an ariGes at the middle of its 
upper side, from half an inch to an inch diameter, and the 
same in height. This orifice is intended to receive a eap hav- 
ing a small hole, through which a thermometer is inserted, 
so that its bulb may reach the centre of the canister. Let 
one side of the canister be covered: with black paint; des=" 
troy the polish of another side, by scratching it with sand- 
paper; tarnish a third with quicksilver; and leave the 
fourth bright. Then fill the vessel with boiling water. The 
radiation of caloric from the blackened aad is so much 
more abundant than from the others, as to be even sensible 
to the hand. Place it before a reflector (fig. 45), in lew of 
the heated iron ball already described, The thermometer, 
in the focus of the second reflector, will indicate the highest 
temperature, or most copious: radiation of caloric, when 
the blackened side is presented to the reflector; less: when 
the tarnished or scratched side is turned towards it; and 
least of all from the polished side. 

4. These varieties in the radiating power of different sur- 
faces, ave attended, as might he expected, with correspond- 
ing variations in the rate of cooling. If water in a tin vessel, 
all of whose sides are polished, cools through a given number 
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of degr ees in eighty-one minutes; it will EWR through. the 
same number in seventy-two minutes, if the surface be tar- 
nished with quicksilver... Water, also, enclosed in a. clean, 
and polished tin ball; cools about twice more slowly than 
water in the same ball covered with oiled paper., Blackening 
the surface with paint, on the same principle, accelerates 
greatly the rate of cooling. These facts teach us, that vessels, 
in which fluids are to be long kept hot, should have their 
surfaces. brightly polished; and they explain, among other 
things, the superiority of metallic tea-pots over those of 
earthen ware. ) 

5. Radiant caloric is absorbed with different facility by 
different surfaces. This is only stating, in other terms, that 
surfaces are endowed with various, powers of reflecting ca- 
loric; since the power of absorbing caloric is precisely 
opposite to that of reflecting it. Hence the best reflectors 
of heat will absorb the least. It may be proper, however, ‘to 
offer some illustrations of the principle under this form. 

_ (a) Expose the bulb of a sensible thermometer to the 
direct. rays of the sun. On a hot summer’s day it will pro- 
bably rise, in this climate, to 108°*. Cover it with Indian 
ink, and again expose it in a similar manner. During the | 
evaporation of the moisture it will fall; but as soon as the 
coating becomes dry, it will ascend to 118°, or upwards, of 
Fahrenheit, or 10° higher than when uncovered with the 
pigment. This cannot be explained, by supposing that the 
black coating is gifted with the power of retainifg caloric, 
and preventing its escape; because, frem experiments already 
related, it appears, that a similiar coating accelerates ‘the 
cooling of a body to which it is applied, 

_ (6) Colour has considerable influence over the absorption 
of caloric. This is shown by the following very simple 
experiment of Dr. Franklin. — 

On a winter’s day, when the ground is covered with snow, 
take four pieces of woollen cloth, of equal dimensions but of 
different colours, viz. black, blue, brown, and ‘white, and lay 
een on the surface of the snow, in the immediate neigh- 


i : Watson's sy vi, 193. 
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bourhood of each other. In a few hours, the black cloth 
will have sunk considerably below the surface; the blue 
almost as much; the brown evidently less; and the white 
will remain precisely in its former situation. ‘Thus it ap- 
pears, that the sun’s rays are absorbed by the dark coloured 
cloth, and excite such a durable heat, as to melt the snow 
underneath; but they have not the power of penetrating the 
white. Hence the preference, generally given to dark co- 
loured cloths during the winter season, and to piste seupunnet 
ones in summer, appears to be founded on reason. 

(c) This experiment has been varied by Sir H. Dave's in 
a manner which may be repeated at any season of the year. 
Take six similar pieces of sheet copper, each about an inch 
square, and colour the one white, another yellow, a third 
red, the fourth green, the fifth blue, and the sixth black. On 
the centre of one side of each piece, put a small portion of a 
mixture of oil and wax, or cerate, which melts at about 76° 
Then expose their coloured surfaces, under precisely equal 
- circumstances, to the direct rays of the sun. The cerate on 
_ the black plate will begin to melt perceptibly before the red; 


the blue next; then the green and the red; and, lastly, the 


yellow. The white will scarcely be affected, when the black 
is in complete fusion. 


Caloric passes, also, but much more slowly, through solid 


and liquid bodies, which are then: termed, conDUCTORS of 


- caloric. 

1. Solid bodies convey. esis in all dinceckiois, upwards, 
downwards, and laterally; as may be shown, by heating the 
middle of an iron rod, and holding it in different directions. 

2. Some bodies conduct caloric much more quickly than 
others. Coat two rods,, of equal length and thickness, the 
one of glass, the other of iron, with wax, at one end. of each 
only; and then apply heat to the uncoated ends. The wax: 
will be melted vastly sooner from the end of the iron rod, 
than from the glass one; which shows, that’s iron qemettiots 
heat more quickly than glass. | 

- Even the different metals possess very differents powers aa 
conducting caloric. An approximation to the degree in 
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which they possess this property, may be attained by the 
following method, originally employed by Dr. Ingenhouz. 
Procure several solid cylinders, or rods, of the same size and 
shape, but‘of different metals. They may be six inches long, 
and one 4th of an inch in diameter. Coat them, within 
about an inch of one end, with bees-wax, by dipping them 
into this substance when melted, and allowing the covering 
to congeal. Let an iron heater be provided, in which small 
holes have been drilled, that exactly receive the clean ends 
of the cylinders. After heating it below ignition, insert the 
cylinders in their places. ‘The conducting power may be 
estimated by the length of wax coating melted from each in 
a given time. According to the experiments of Dr. Ingen- 
houz, the metals may be arranged in the following order: 
Silver -possesses the highest conducting power; next gold; 
then copper and tin, which are nearly equal; and, below 
these, platina, iron, steel, and lead, which are greatly inferior 
tothe rest. | 
It is chiefly owing to the different conducting powers of 
bodies, that they affect us, when we touch them, with differ- 
ent sensations of cold. ‘Thus, if we apply the hand in suc- 
cession to a number of bodies (as a piece of wood, another 
of marble, &c.), they appear cold in very different degrees. 
And as this sensation is occasioned by the passage of caloric 
out of the hand into the body which it touches, that body 
will feel the coldest, which carries away heat the most quickly; 
or which, in other words, is the best conductor. For the 
same reason, of two bodies which are heated to the same 
degree, and both considerably above the hand, the best 
conductor is the hottest to the touch. ‘Thus the money in 
our pockets often feels hotter than the clothes which con- 
tain it. | ; i ob 
8. Liquid and aériform bodies convey heat on a different 
principle from that observed in solids, viz. by an actual, 
change in the situation of their particles. That portion of 
the fluid, which is nearest to the source of heat, is expanded, 
and becoming specifically lighter, ascends, and is replaced 
by acolder portion trom above. ‘This, in its turn, becomes 
er, 
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heated and dilated, randl gives way to a second colder por- 
tion; and thus the Progete epi oh, as long as the fluid is 
capable of imbibing heats...» 

(a) Take a glass tube, eight or, 10 inches eh & and about 
an inch in diameter. Pour into the bottom patt, for about the 
depth of an inch, a little water tinged with litmus, and then 
fill up thé tabe with common water, pouring on the. latter 
extremely gently, so as to keep the two strata quite distinct. 
If the upper part of the tube be first heated, the coloured 
liquor will remain atthe bottom. . But if the tube be after- 
wards heated at the bottom,’ the infusion will ascend, and 
will tinge the whole mass of fluid. ; | 

(b). Into a cylindrical. glass | jar, four inches diameter, wad 
12 or 14 deep, let. a circular piece of ice be fitted 34 inches 
thick, and of rather less diameter than the jar. Or water 
may be poured into. the jar to, the depth of 31 inches, and 
allowed to congeal by exposure to a freezing atmosphere, or 
by surrounding it with a mixture of snow and salt. The ice 

is to be secured in its place by two slips of wood, crossing 
each other like two diameters of a circle, set at right angles 
to each other. Pour, over the cake of ice, water of 32° 
temperature, to the depth of two inches; and on its surface 
let there float a shallow circular wooden box, perforated with 
holes. From the cock of a tea-urn, filled with boiling water, 
and raised so that its spout may be above the top of the 
jar, suspend a number of moistened threads, the lower ends 
of which must rest on the surface of the box. By this ar- 
rangement, when the cock is turned, the hot water will trickle 
down the threads, and will have its fall considerably broken, 
It will then spread over the surface of the box, and pass 
through the.perforated holes to the cold water beneath, 
over which it will float without mixing with it. Let the 
jar be thus completely filled with hot water. The ice will 
remain unmelted for several hours at the bottom ‘i the 
vessel. | 

(c) Fill a similar jar with hot water; and, shorter sniotidel 
a cake of ice, of equal size with the former one, let.it be 
paced on the surface of the water. In about three minutes, 
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the whole will be melted. Both these experiments are more 
striking, if the water, used for forming the cakes of ice, be 
previously coloured with litmus; for, inthe latter experi- 
ment, the descending currents of cold water are thus made 
apparent. 

(d) These exneivenie may be varied, by facing, in the 
bettom of a tube one inch wide, a portion of water, about 
two inches in depth. Then fill the tube with water of the 
common temperature, and hold it inclined over an Argand’s 
lamp, so that the upper portion only of the tube may be 
heated. When thus disposed, the water may be made to 
boil violently at the surface, and yet the ice will not be 
melted. But if the experiments be reversed, and (the ice 
floating on the surface) heat be applied to the bottom of the 
tub, the ice will be liquefied in a few seconds. 

(e) Substituting water of the temperature of 41° for the 
boiling water used in experiment (c), Count Rumford found, 
that, ina given time, a much greater quantity of ice was” 
melted by the cooler water. This appears, on first view, 
xather paradoxical... The fact, however, is explained by 4 

remarkable property of water, viz. that when cooled below 
40° it ceases to contract, and! experiences, on the contraryy 
an enlargement of bulk. Water, therefore, at 40° (at the 
bottom of which is a mass of ice at 32°), is cooled by contact 
with the ice, and is expanded at the same moment. It 
therefore ascends, and is replaced! by a heavier and warmer 
portion from above. 

It is a consequence of the same proper ty that the sur face 
of a deep lake is sometimes covered with ice, even when the 
water below is only cooled to 40°; for the superficial water 
is specifically lighter than the warmer water beneath it, and 
retains its place, till it is changed into ice. This property of 
water is one of the most remarkable exceptions to the law, 
that bodies are expanded by an increase, and caniranied by 
a diminution, of temperature. 

From these facts, Count Rumford concluded, that water 
is a perfect non-conductor of caloric,-and that it propagates 
caloric in one direction, viz. upwards, in consequence of the 
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motions which it occasions among the particles of the fluid.’ 
The Count inferred also, that if these motions could be sus-) 
pended, caloric would cease to pass’ through water; and, 
with the view of deciding this question, he made the follow~ 
ing experiments, which admit of being easily repeated. “A 
cylindrical tin vessel must previously be provided, two inches 
in diameter, and 21 inches deep, having a moveable cover, 
perforated with a small aperture, for transmitting the stem 
of a thermometer, which is to be inserted so that its bulb 
may occupy the centre of the vessel. 

(f) Fill this vessel with water of the wat iste of the 
atmosphere; let the cover be put in its place; and let the 
whole apparatus, except the scale of the thermometer, be 
immersed in water, which is to be kept boiling over a lamp. 
Observe how long a time is required to raise the water from 
its temperature at the outset to 180°, and remove it from its 
situation. Note, also, how long it takes to return to its 
aii temperature, 

‘ (g) Repeat the experiment, having previously dissolved 
in the water 200 grains of common starch. The thermo- 
meter will now rigcle about half as long again to arrive at 
the same temperature. A similar retardation, and to a 
greater amount, is produced by the mixture of eider-down, 
cotton-wool, and various other substances, which are not 
chemically soluble in'water, and which can diminish its con- 
ducting power in no other way than by obstructing the _ 
motion of its particles. 

This inference, however, respecting the complete non- 
conducting power of water, has been set aside by the subse- 
quent inquiries of Dr. Thomson and Mr. Murray, especially 
by a most decisive experiment of the latter. To establish - 
the conducting power of water, it was justly deemed indis- 
pensable, that caloric should be proved to.be propagated 
through that fluid downwards. This, on actual trial, it ap- 
peared to be; but it was objected, that the sides of the 
containing vessel might be the conductor. To obviate this 
objection, Mr. Murray contrived’ to congeal water into the 


form of a jar capable of holding liquids. This was sepa- 
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rately filled with linseed oil and with mercury. At a proper 
distance below the surface, the bulb of a thermometer was 
placed; and on the surface of the liquid rested a flat iron 
vessel, containing boiling water. Under these circum- 
stances, the thermometer invariably rose; and though it 
ascended only a very few degrees, yet it must be recollected, 

that the cooling power of the sides of the vessel would effec- 
tually prevent any considerable elevation of temperature. 
This experiment, in conjunction with others, decisively 
proves, that water is a conductor, though a slow or mpentor 
one, of caloric. 


SECTION III. 
Caloric the Cause of PEN: 


I. The temperature of melting snow, or of thawing ice, is 
uniformly the same at all times, and in all places.—This may 
be ascertained by the thermometer, which will always, when 
immersed in liquefying ice or snow, point to 32° of Fahren- 
heit, whatsoever may be the height of the barometer, or the 
elevation, above the sea, of the place where the experiment 
is made *. 

II. The sensible heat, or temperature of ice, is not changed 
by liquefaction.—A thermometer in pounded ice stands at 
32°, and at the very same point in the water which results 
from the liquefaction of ice. | 

III. Yet ice, during liquefaction, must absorb much caloric. 
—Expose a pound of water at 32°, and a pound of ice at 
32°, ina room, the temperature of which is several degrees 
above the freezing point, and uniformly the same during 
the experiment. The water will arrive at the temperature 
of the room, several hours before the ice is melted; and the 
melted ice will have, as before its liquefaction, the tempera- 
ture of 32°. Yet the ice must, during the whole of this time, 


* Shuckburgh, Philosophical Transactions, !xix. 
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have been imbibing caloric, because (according to Experi- 
ment IV. ¢ 2.) a colder body can never be in contact with 
@ warmer one, without receiving caloric from it.» The ca- 
loric, therefore, which has entered the ice, but is not to be 
found in it by the thermometer, is said to have become latent. 
As it is the cause of the liquefaction i the i seis it is sometimes 
called caloric of fluidity. 

IV. The quantity of caloric that enters into a pound of 2Ce, 
and becomes latent, during liquefaction, may le learned by ex- 
periment.—To a pound of water, at 172°, add a pound of 
ice at 32°. The temperature will not be the arithmetical 
mean (102°), but much below it, viz. 32°. Ail the excess of 
caloric in the hot water has therefore disappeared. From 
172° take 32°; the remainder, 140°, shows the quantity of 
caloric that enters into a pound of ice during liquefaction; - 
that is, as much caloric is absorbed by a pound ofice, during 
its conversion into water, as would raise a pe of water 
from 32° to 172°, 

It is from the property of its uniformly pariah the 
same. quantity of caloric for conversion into water, that ice 
has been ingeniously applied, by Lavoisier and Laplace, to 
the admeasurement of the heat, evolved in certain operations, 
Let us suppose the body (from which the caloric, evolved - 
either by simple cooling or combustion, is to be measured) 
to be inclosed in a hollow sphere of ice, with an opening at 
- the bottom. When thus placed, the heat, which is given 
out, will be all employed in melting the ice; and will pro- 
duce this effect in direct proportion to its quantity. Hence 
the quantity of ice, which is converted into water, will be an’ 
accurate measure of the caloric, that is separated from the - 
body submitted to experiment. In this way, Lavoisier as- 
certained that equal weights of different combustible bodies 
melt, by burning, very fitierent weights of ice. ‘The appa- — 
ratus which he arson for this purpose, -he has called the 
calorimeter. Its construction can scarcely be understood 


without the plate, which srcompinics the description in 


~his--¢ Elements of Chemistry.” 2 
V. Other examples of the absorption of alesis, during the 
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liquefaction of bodies, are furnished by the mixture of snow 
and nitric acid, or of snow and common salt, both of which, 
in common language, produce intense cold. 

. 1. Dilute a portion of nitric acid with an equal weight 
of water; and, when the mixture has cooled; add to it a 
quantity of light fresh-fallen snow. On immersing the 
thermometer in the mixture, a very considerable reduction 
of temperature will be observed. ‘This is owing to the ab- 
sorption, and intimate fixation, of the free caloric of the 
mixture, by the liquefying snow. 

2. Mix guickly together equal weights of fresh-falle 
snow at 3; and of common salt cooled, by exposure to a. 
freezing atmosphere, down to 32°. The two solid. bodies, 
on admixture, will rapidly Nahe and the thermometer 

will sink 32°, or to 0; or, according to Sir C. Blagden, to 
4° lower*. ‘To understand this experiment, it must be re- 
collected, that the snow and salt, though at the freezing 
temperature of water, have each a considerable portion of 
uncombined caloric. Now, salt has a strong affinity for 
water; but the union cannot take place while the water 
continues solid. In order, therefore, to act on the salt, the 
snow absorbs all the free caloric required for its liquefaction - 
and during this change, the free caloric, both of the snow 
and of the salt, amounting to 32°, becomes latent, and is 
concealed in the solution. This solution remains in a liquid 

state at 0, or 4° below 0 of Fahrenheit ; but ifa greater de- . 
gree of cold be applied to it, the salt separates in a concrete 
form. 

3. Most neutral salts, also, during solution in water ab- 
sorb much caloric; and the cold, thus generated, is so in | 
tense as to freeze water, and even to congeal mercury. The 
former experiment, however (viz, the congelation of water), 
may easily be repeated on a summer’s day. Add to 3a 
drachms of water, 11 drachms of muriate of ammonia, 10 of 
nitrate of potash, and 16 of sulphate of soda, all finely pows 
dered. The salts may be dissolved separately, in the order 
te 


* Pp hilosophical Transactions, Ixxviii, 281, 
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set down. A thermometer, put into the solution, will show, 
that the cold produced is at or below freezing ; and.a little 
water, in a thin glass tube, being immersed in the solution, 
will be frozen in a few minutes. Various other freezing 
mixtures are described in Mr. Walker’s papers.in the Phi- 
losophical ‘Transactions for 1787, 88, 89, 95, and 1801. 
Of these the table, given in the Appendix, for which I am 
indebted to the obliging communication of the author, con= 
tains an arranged abstract. 

4. Crystallized muriate of lime, when mixed with sipies 
produces a most intense degree of cold. This property was 
discovered some years ago by M. Lovitz, of St. Petersburg, 
and has been since applied, in this country, to the congela- 
tion of mercury on a very extensive scale. ‘The proportions © 
which answer best, are about equal weights of the salt finely 
powdered, and of fresh-fallen and light snow. On mixing’ 
these together, and immersing a thermometer in the mix- 
ture, the mercury sinks with great rapidity. For measuring 
exactly the cold produced, a spirit-thermometer, graduated _ 
to 50° below 0 of Fahrenheit, or still lower, should be em- ~ 
ployed. A few pounds of the salt are sufficient to congeal 
a large mass of mercury. By means of 13 pounds of the 
muriate, and an equal weight of snow, Messrs. Pepys and 


_Allen froze 56 pounds of quicksilver into asolid mass. The 


mixture of the whole quantity of salt and snow, however, 
was not made at once, but part was expended in cooling the 
materials themselves. 

On a small scale it may be sufficient to employ two or 
three pounds of the salt. Let a few ounces of mercury, in 
avery thin glass retort, be immersed, first ina mixture of 
one pound of each; and, when this has ceased to act, let 
another similar mixture be prepared. _'The second will never 
fail to congeal the quicksilver. - 

In plate iv. fig. 42, a very simple and cheap apparatus i is 
represented, Pick I have generally employed. to freeze 
mercury. ‘The dimensions will be given in the description 
of the plates *. | 


vent See Appendixes cen iid * 
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“The salt thus’ expended may be ‘again evaporated, “and 
“erystallized ‘for future experiments. 

‘Thereader, who-wishes ‘for ‘farther particulars respecting 
these experiments, is referred :to on Philosophical Magazine, 
“vol, iii, p. 76. 

‘NI. On the ‘contrary, ‘liquids, ‘in becoming solid, ‘evolve 
‘or-give out caloric, or, in-common language, produce heat. 

‘1. Water, if kept perfectly free from agitation, ‘may ‘be 
“eooled ‘down ‘several degrees ‘below ‘32°; ‘but, on shaking 
‘it, ‘it immediately sis bate and the temperature rises | to 
32°. 

2. Expose ‘to the atmosphere, ‘when ‘at a fertiderdture 
‘below freezing (for example, at ‘25° of Fahrenheit), ‘two 
equal quantities of water, in one only of which about‘a fourth 
of its: weight of common salt hasbeen dissolved. The sa- 
line solution will be gradually cooled, without freezing, ‘to 
25°. ‘The pure water will gradually descend to 32°, and will 
there remain stationary a considerable time before it con- 
geals. Yet while thus stationary, it cannot be doubted, that 
the pure water is yielding caloric to the atmosphere, equally 
with the saline solution; for it ismpossible that a warmer 
body can be surrounded by a cooler one, without imparting 
«aloricto'the latter. "The-reason of this equable temperature 
is well explained ‘by Dr. ‘Crawford. (On Heat, .p.-80.) 
‘Water, he observes, during freezing, is acted upomsby two 
‘opposite: sjpowers : it is’ deprived of caloric ‘by exposure to.a 
medium, whose temperature is below.32°; and ‘it is‘supplied 
with caloric, ‘by ‘the evolution of that principle from itself, 
wiz. of that portion which constituted its fluidity. 2As these 
powers are exactly equal, the temperature ofthe water must 
‘remain unchanged, till the caloric-of ‘fluidity isall evolved. 

§. The ‘evolution ef caloric, during the congelation of 
water, is well illustrated ‘by the Hilo waist experiment of 
Dr. Crawford :—Into a: round ‘tin | veskel 2 puta ‘pound of 
powdered 4 ice; ‘surround this by a mixture ofsnow and salt 
‘ma larger vessel; and stir the ice‘in ‘the inner one, ‘till its 
temperature is reduced to + 4° of Fahrenheit. To the 
ice thus -cooled, add*a pound of ‘water ‘at 32°, One Sth of 
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‘this will be frozen ; and the temperature of the ice will rise 
from 4° to 32°. In this instance, the caloric, evolved by the 
congelation of one 5th of a pound of water, raises the tem- 
perature of a pound of ice'28°. 

4. If we dissolve sulphate of soda in water, in the propor- 
tion of one part to five, and surround the solution by a freez- 
ing mixture, it cools gradually down to 31°. .The salt, at 
this point, begins to be deposited, and stops the cooling en- 

tirely.. This evolution of caloric, during the separation of 
a salt, is exactly the reverse of what happens during its so- 
lution *. : 

5. To a saturated solution of sulphate of potash in water, 
or of any salt that is insoluble in alcohol, add an equal mea- 
sure of alcohol. The alcohol, attracting the water more 
strongly than the salt retains it, precipitates the salt, and 
considerable heat is produced. 


q : 
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SECTION IV. 
Caloric the Cause of Vapour. 


I. Every liquid, when of the same degree of chemical 
purity, and under equal circumstances of utmospheric pressure, 
has one.peculiar point of temperature, at which it tnvariably 
boils. —Thus, pure water always boils at 212°, alcohol at 
176°, and ether at 98°, Fahrenheit; and, when once brought 
to the boiling point, no liquid can be made hotter, however 
long the application of heat be continued. The boiling 
point of water may he. readily ascertained, by immersing 
a thermometer in water boiling, in a metallic vessel, over the 
‘fire. As. there is some danger in applying heat directly to 
-a vessel containing either ether or alcohol, the ebullition of 
these fluids may be shown, by immersing the vessel con- 
‘taining them in water, the temperature of which may be 
gradually raised. The appearance of boiling is owing to 


} * Blagden, Philosophical Transactions, Ixxviil. 290. 
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the formation of vapour at the bottom of thé vessel, and 
its escape through the heated fluid above it. That the 
steam, which escapes, is actually formed at the bottom, and 
not at the top of the water, may be seen by boiling some 
water in a Florence flask, or other transparent vessel, over 
an Argand’s lamp, ‘The bubbles of ae will all ascend 
from the bottom of the vessel. | 

II.. Steam has exactly the sume temperature as . “boiling 
water. —Let a tin vessel be provided, having two holes in 
its cover, one of which ‘is just large enough to admit.the 
stem of a thermometer. Fill it partly with water, and let 
the bulb of the thermometer be an inch or two above the 
surface of the water, leaving the other aperture open for 
the escape.of vapour. When the water boils, the ther- 
mometer, surrounded by steam, will rise to 212°, which is 
precisely the temperature of the water beneath: yet water, 
placed on a fire, continues to receive heat, be ainloais 
even when boiling hot; and as this heat is not appreciable 
by the thermometer, it must exist:in the steam, in a latent 
state. | 

Perfectly formed steam is entirely.invisible. We may 
satisfy ourselves of this by boiling strongly a small quantity 
of water in a flask; for complete transparency will exist 
in the upper part of the vessel. It is only when it begins 
to be condensed, that steam.becomes visible. We have a 
proof also of the same fact in the thick fogs which are 
produced by a sudden transition from warm to cold wea- 
ther; the vapour, which was imperceptible at the higher . 
temperature, being condensed and rendered visible by the 
lower. 

III. The boiling point of the same fluid varies, under dif= 
ferent degrees of atmospheric pressure.—Thus water, which 
has been removed from the fire, and ceased to boil, has its 
ebullition renewed when it is placed under a receiver, the 
air of which is quickly exhausted by an air pump. Alcohol 
and ether, confined under an exhausted receiver, boil vio- 
lently at the temperature of the atmosphere. In general, 
liquids. boil in vacuo, with about 140° less of heat, than are, 

H@2 
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required under a mean pressure of the atmosphere*. Even 
the ordinary ‘variations in the weight of the air, as mea- 
sured by the barometer, are sufficient to make a difference 
in the boiling point of water of about ‘6° between the two ex- 
tremes+. On ascending considerable ‘heights, as to the tops. 
of mountains, the boiling point ‘of ‘water gradually falls on 
the scale of the thermometer. Thus on the summit of 
Mount Blane, water was found: by Span fio to boil at 187° 
Fahrenheit. | 

‘The influence of a diminished ‘pressure in facilitating 
ebullition may, also, be illustrated ‘by the ‘following very 
simple experiment :—Place, over‘a lamp, ‘a Florence flask, 
about three fourths filled with water; let it ‘boil briskly 
during ‘a few minutes; and, immediately on removing it 
from the lamp, cork it ‘tightly, and suddenly invert it. The 
water will now cease‘to boil; but, on cooling ‘the ‘convex 
part of the:flask by a‘stream ‘of cold ‘water, ‘the boiling will 
be renewed. ‘Applying ‘boiling water ‘from ‘the:spout of a 
tea-kettle to the same part of the flask,.the water will again: 
cease to boil. This renewal of the ebullition, by the ap- 
plication of cold (an apparent paradox), is owing ‘to the 
formation of ‘an imperfect vacuum over the hot water, by 
the condensation of steam; and the suspension of the boil- 
ing, on re-applying the heat, to the renewed pressure on 
the ‘surface of the hot water, occasioned by ‘the formation 
of fresh steam. 

From these facts, it ‘may be inferred, that the particles of 
caloric are mutually repulsive, and that they communicate 
this ‘repulsive tendency to other bodies in which caloric is 
contained. This repulsive power tends’to change solids 
into fluids, and liquids into aériform bodies, and is chiefly 
aie nee by. the-pressure of ‘the atmosphere. 

_ Were this counteracting cause removed, many bodies, 
éebiich at present have a liquid form, would cease tobe such, 
and would be changed into a gaseous state. Precisely the 


* Black's Lectures, ae 
“o# Sir G. Shuckburgh, in Philosophical Transactions Ixxix. ‘S75. 
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same effect, therefore, results from the prevalence of either 
of these forces. Add to certain liquids a quantity of ca- 
loric, in other words,. place: them ina high temperature, 
and they are immediately converted into gases: or, their 
temperature remaining’ the same, diminish the weight of 
the atmosphere; and the caloric, which they naturally 
contain, exerts its repulsive tendency with equal effect, and 
they are in like manner converted into gases. ‘These facts 
are best shown by the following experiments on ether: 

1. Ether, at. the temperature of 104°, exists in the state 
of a gas. This: may be shown by filling a jar with water 
_ of this: temperature, and inverting it in a vessel of the same. 
Then introduce a little ether, by. means of a small glass 
tube: closed. at one end: ‘The ether will rise to the top of 
the jar, and, in its:ascent, will be changed into gas, filling 
the whole jar with » transparent, invisible, elastic fluid. On 
permitting the water to cool, the ethereal gas is condensed, 
and the inverted’ jar again becomes filled with water. 

2. Ether is changed into gas by diminishing the weight 
of the atmosphere. Into a glass tube, about six inches 
long, and half an inch in diameter, put a tea-spoonful of 
ether, and fill wp the tube with water; then, pressing the 
thumb-on the open end of the tube, place it, inverted, in 
a jar of water. Let the whole be set under the receiver of 
@n. air pump, and the air exhausted. The ether will be 
changed into gas, which will expel the water entirely from 
the tube. On re-admitting the air into the receiver, the 
gas is again condensed into a liquid form. _ 

IV. On. the contrary, by. considerably increasing the 
pressure, water ‘may be heated to above 400° Fahrenheii, 
without’ being changed into vapour.—'This experiment re- 
quires; for its performance, a strong iron vessel, called a 
Papin’s digestor, a plate of which may be seen in Gren’s 
‘Chemistry. That the boiling point of water, and the 
temperature of steam, are raised by an increased pressure, 
may be shown, however, by means of the small boiler, re- 
presented plate v. fig. 46, which will be found extremely 
useful in experimentson this subject. Its’ precise size, and 
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directions for its construction, will 5 given in 'the Descrip- 
tion of the Plates. 

On the cock c may be nimepiat Sdesaicrialty, a valve, 

loaded in the proportion of 14 pounds to the square inch. 
The boiler being rather more than half filled with water, 
and the perforated cap d being screwed into its place, the 
ball of the thermometer will be an inch or more above the 
surface of the water, and will indicate its temperature, as 
well as that of the steam, both being, necessarily, in all 
cases, precisely the same. Allowing the steam to escape 
through the cock ¢, before affixing the valve, the tempera- 
ture of the steam, under a mean Atimcr phate pressure, will 
be 212°. . When an additional atmosphere is added by the 
weighted valve, it will rise to above 240°; by a valve twice 
as heavy as the first, or loaded in the proportion of 28 pounds 
to the square inch, the temperature of the steam will be 
raised to nearly 270°. This is as far as it is safe to carry 
the experiment; but by substituting a strong iron vessel, 
the numbers have been obtained, which will be found in the 
form of a table, in the Appendix. 
_ ...The absorption of caloric, during corailsheiteen shown 
by experiment.—Moisten a thermometer with alcohol, or with 
ether, and expose it to the air, repeating these operations 
alternately. The mercury of the thermometer will sink at 
each exposure, because the volatile liquor, during evapora- 
tion, robs it of its heat. In this way (especially with the 
aid of an apparatus described by Mr. Cavallo, in the’ Phi- 
Josophical Transactions, 1781, p. 509), water may be frozen 
jn.a thin and small glass ball, by means of ether. ‘he same 
effect may be obtained, also, by immersing a tube, contain- 
ing water at the bottom, in a glass of ether, which is to be 
plavéd under the.receiver of an air pump; or the ether may 
be allowed to float on the surface of the water: During the 
exhaustion of the vessel, the ether will evaporate ripley; : 
and, robbing the water ‘of heat, will completely freeze it ; 
thus, exhibiting the singular spectacle of two fluids in con- 
tact with each other, one of. which.is in the iad of rickee 
and the other, of freezing, at the same moment, | 
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By a little modification of the experiment, mercury itself, 
which requires for congelation a temperature of almost 40°: 
below 0 of Fahrenheit, may be frozen, as was first shown 
by Dr. Marcet *. A conical receiver, open at the top, 
is placed on the plate of an air pump, and a mercurial 
thermometer is suspended within the receiver, through the 
aperture, by means of a brass plate, perforated in its centre, 
and fitting the receiver air tight, when laid upon its open 
neck. The thermometer passes through this plate, to which 
it is fitted by a leather adjustment, or simply by a cork se- 
cured with sealing wax; and it is so graduated, that, when 
its bulb is sunk a few inches within the receiver, the stem. 
rises externally through the plate, above which the scale 
begins. The bulb is then wrapped up in a little cotton 
wool, or, what is better, in a small bag of fine fleecy hosiery ; 
and, after being dipped into ether, the apparatus is quickly 
laid over the receiver, which is exhausted as rapidly as pos- 
sible. In two or three minutes the temperature sinks to 
about 45° below 0, at which moment the quicksilver in the 
stem suddenly descends with great rapidity. Ifit be desired 
to exhibit the mercury in a solid state, common tubes may 
be used, which have originally been about an inch diameter, 
but have been flattened by pressure, when softened by the 
blow-pipe. The experiment succeeds, when the tempera- 
ture of the room is as high as 40° F ahrenheit. | 

VI. The fixation of caloric in water, by its conversion into 
steam, may be shown -by the following experiments :—1. Let 
pis seen of water at 212°, and eight pounds of iron filings at 
- 300°; be suddenly mixed together. A large quantity of 
_ vapour will be instantly generated ; and the temperature of 
the mixture will be only 212°; but that of thé vapour -pro- 
duced is also: not: more than 212°; and the steam must 
therefore. contain, in.a latent or combined form, ‘all the 
-caloric which raised the temperature of eight pounds of iron 
filings from 212° to 300°. 

2. The chanieee of caloric, which ttn becomes intent 


- 
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during, the.formation of steam, may, be:approximated, by 
repeating the, following, experiment, of, Dr.. Black: He 
placed. two cylindrical flat bottomed vessels.of'tin, fiveinchess 
in. diameter, and, containing) a; small quantity, of water at; 
50°, on.a-red hot. iron: plate,, of the, kind. used in, kitchens,, 
In four minutes. the. water. began’ to. boil,. and. in. twenty: 
minutes the whole. was.boiled-away. In-four minutesy there=. 
fore, the water received, 162° of temperature, or 404° imeach, 
minute. If we,suppose, therefore,, that, the. heat, continues: 
to-enter. the water at.the same rate, during. the.whole, ebulli-: 
tion, we must conciude that.401° x 20. =. g10° have: qn tpt eth 
the water; and are contained in. the, vapour.. 

It, has been, found by experiment that.73- mer of. see 
castle,coal, or-100 pounds. of.coal-of:medium quality, applied: 
in.the-best-mamner; are-required for the.vaporization,of 12, 
cubic feet; or about 89} wine.gallons, of:water., A.pound, 
of.coal,, on: the-avera xe, may, be considered.as-equivalent; te! 
convert, a. gallon. of water. into-vapour, ~ Wood charcoal}, 
by,combustion,, is.capable of melting, 94 timesiits weight-of 
ice, and of evaporating, 13;times-its. weight.of water}, previ-+- 
ously at-32° Fahrenheit... Peat, of. the.. best,qualitys when: 
properly; applied,, evaporates: 10.times.its, weight of. watery; 
but, as:commonly, used, only, 4 or-5 times, Even) withi the? 
assistance of:heated air, .only,six times.its, weight can; be. evar: 
porated, though. Curaudaw pretends to. have. evaporated 23+ 
times.its weight.*.From.evidence\given before; the: House 
of Commons.on: the. Gas. Light Bill,, 172,pounds. of good: 
London coak; appear to-be:capable of raising from.66:to:'70: 
pounds. of. water into i or, about; 4 times thepe 
weight +. 

_ VIL. Water, ly conversion into: stan hat its. Dulko frei gi 
ouslyenlarged, viz, according: lo. Mr. Watt's experiments, about» 
1800 times;.or, according. to- Gay Lussac, only: 698» timesi—Al. 
cubic inch,of water (or-252:grains), occupiesjtherefore, when» 


#70 An. Chir 86. 
++ See> also Count- Rumford’s- Researches on the Heat: noseenepent in 
Combustion. Phil. _ Mag: vol. xi, xdii and alii, 
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converted into steam, the space of rather more than a cubic 
foot. Hence its’ specific gravity, under the ordinary pres- 
sure of the air, is to that of common air; nearly as 450 to 
1000.3, or, taking Gay Lussac’s: etna as 10 to 16, or 625 to 
1000. 

VIII. On: the contrary, vapour s, during their conversion 
into a liquid. form, evolve, or give outs: veil caloric.— The 
- heat given out, by the condensation of steam, is rendered 
apparent by. the following experiment: Mix 100 gallons of 
water at 50°, with 1 eclinedt water at 212°. The tempe- 
rature of the water‘ will be raised about 11°. Condense by 
a-cominon still-tub,. | gallon of water, from the state of steam, 
by 100 gallons of} water; at the temperature of 50°. The - 
water will be raised 11°... Hence;.1 gallon of water, con- 
densed from: stéam,. raises‘the temperature of 100 gallons of 
cold water 91° more: thanI gallon of boiling water; ands 
by-ameasy calculations. it: appears thatthe caloric imparted 
to the 100. gallons of cold-water: by 8 pounds of steam, if it 
_ could; be'condensed in: I gallon of water, would raise it te 
9608". The: quantity: of ice,. which is melted by steam of 
ordinary density, is tale 7+ times: the ove of the 
steam. 

For. exhibiting the: latent ikdtdh Me steam, by means fit 
small. apparatus, which:may: be placed'on a table, and with 
the assistance: only. of a lamp, the boiler already described 
(fig, 46) will. be found. extremely well adapted: The right 
angled-pipe e mustibe screwed, however, into its place, and 
must be made to terminate at the bottom of a jar, contain- 
ing, a known quantity of water of a given temperature. 
This, conducting pipe and the jar should be wrapped round 
with: a-few folds, of flannel.. The apparatus: being thus dis- 
posed, let.the water im the boiler be heated: by an’ Argand’s 
lamp, with) double concentric wicks, till steam: issues:in con- 
siderable quantity. through the cock c, which is ther to: be. 
closed. ‘The steam will now pass through the right angled 
Pipe into sees water contained it in the j jan mtn will ceaierae 
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the steam, and will have its temperature very considerably 
raised. Ascertain the augmentation of temperature and. 
weight; and the result will show, how much a given weight - 
of water has had its temperature raised by a certain weight 
of condensed steam. To another quantity of water, equal 
in weight and temperature to that contained in the jar at the 
outset of the experiment, add a quantity of water at 212°, 
equal in weight to the condensed steam; it will be found, on 
comparison of the two resulting temperatures, that a given 
weight of steam has produced, by its condensation, a much 
greater elevation of temperature, than the same quantity of 
boiling water. This will be better understood by the follow- 
ing example, taken from, actual experiment: 

Into eight ounces of water, at 50° Fahrenheit, contained 
in the glass jar, f, fig. 46, steam was passed from the boiler, 
till the temperature of the water in the jar rose to 173°. On 
weighing the water, it was found to have gained 81.drachms ; 
that is, precisely 81. drachms of steam had been condensed, 
and had imparted its heat to the water—To facilitate the 
explanation of this experiment, it is necessary to premise 
- the following remarks. 

To measure the whole quantities of caloric contained in 
different bodies, is a problem in chemistry which has not 
yet been solved. But the quantities of caloric, added to, 
or subtracted from, different bodies (setting out from a 
~ given temperature) may, in many cases, be measured and 
“compared with considerable accuracy. Thus, if, as has been 
already stated, two pounds of water at 120° be mixed with 


two. pounds.at 60°, half the excess of caloric in the hot water _. 


will pass to the colder portion; that is, the hot water will 
- be cooled 30°, and the cold will receive 30° of temperature 3 
and if the experiment be conducted with proper precautions, 
90°, the arithmetical mean of the temperature of the sepa-- 
rate parts, will be the temperature of the mixture. If three: 
_ pounds of water at 100° be mixed with one pound at 60°, 
we shall have the same quantity of heat. as before, viz. four, 
pounds.at.90°... Hence, if the quantity of water be multi= 
plied by the temperature, the product will be a comparative 
5 
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measure of the quantity of caloric which the water contains, 
exceeding the zero of the thermometer employed. 


Thus, in the last example, 


3 x 100 = 300 = the caloric above zero in the first portion. 
1x 60= 60 =the caloric above zero in the second do. 


The sum, 360 = the caloric above zero in the eee 
Dividing 360 by 4, the whole quantity of water, we obtain 
90°, the temperature of the mixture. 


_This method of computation may be conveniently ap- 
plied to a variety of cases. Thus, in the foregoing expe- 
riment, 81 drachms of steam at 212°, added to 64 drachms 
of water at 50°, produced 72} drachms of water at. sib 49h 
Now, 


721. x 173 = 125421 = whole heat of the mixture. 
attics ey Lo gpa bee heat of 64 drachms, one of 
- the component parts. 
93491 heat of 81 drachms, the other 
*= ( component part. — 


Therefore 93421 divided by 81 = 1099, sisi have 
been the temperature of the latter Horton (v2x. 82 drachms), 
had none of its heat been latent: and 1099 — 212 = 887 
gives the latent heat of the steam. This result does not 
differ more than might be expected, owing to the unavoid- 
able inaccuracies of the experiment, any Mr. Watt's de- 
termination, which states the latent heat of steam at 900°, 
or from that to 950°*. Lavoisier, with the aid of the ca- 
lorimeter, makes it 1000°, or-a little more t. 

“IX. The same weight of steam contains, whatever ma y be 
its density, the same quantity of caloric; tts latent heat being 
increased in exact proportion as its sensible heat is diminished; 
‘and the reverse.—This principle, though scarcely admitting 
of iJlustration by any easy experiment, is one of consider- 


* Black’s Lectures, 3.174. . . © + Ibid. 175. 
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able importance; and’ an ignorance, of it has been the oc- 
casion of many fruitless attempts to improve the economy 
of fuel in the steam engine. The fact, so far as respects 
steam of lower density than that! of 30/inches of mercury; 
was’ long ago determined experimentally by Mr. Watt*.: 

As the boiling point of liquids.is Known: to: be considerably 
reduced under a diminished pressure, it seemed reasonable 
to suspect that, under these circumstances, steam might be 
obtained from them with a less’ expenditure of heat. Wa- 
ter, Mr. Watt found, might easily be distilled in vacuo 
when in the temperature of only 70° Fahrenheit. But, by 
condensing steam formed at this temperature, and observing 
the quantity of heat which it communicated to a given 
weight of water, he determined that its latent heat, instead 
of being only 950°, was between 1200° and 1300°. 

The same principle may be explained also by the follow- 
ing illustration,. which was. suggested to me by Mr. Ewart. 
Let us suppose that in a cylinder, furnished with a piston, 
we have a‘certain quantity of steam, and that it is suddenly 
compressed, by a stroke of the piston, into half its bulk. 
None of the steam will in this case be condensed; but it 
will acquire double elasticity, and its temperature will. be 
considerably increased. Now if we either suppose the cy- 
linder incapable of transmitting heat, or take the moment. 
instantly following the compression before any heat has 
had time to escape, it must be evident that the sensible and 
latent heat of the steam, taken together before compression, 
are precisely equal to the sensible and latent heat taken 
together of the denser steam. But in the dense steam, 
the sensible heat is increased, and the latent heat propor- 
tionally diminished. The explanation of this fact will be 
furnished by a principle to be hereafter explained, that 
the capacities of elastic fluids for caloric are uniformly 
diminished by increasing their density. 

X. The evaporation of water is carried on much more ra- 


) pidly under a diminished pressure, especiall y of the vapour, 


oo 
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which is formed, be condensed as soon as it is 5 produced, 50 .as 
to keep up the vacuum. 

On this principle depends Mr. Leslie’s new and inge- 
nious mode of freezing water, in an.atmosphere of medium 
temperature, by pubtecitie a rapid evaporation from ‘the 
surface of the water itself. ‘The water to be congealed is 
contained in a shallow vessel, which is supported above 
another vessel, containing strong sulphuric acid, or dry 
muriate of lime. ‘The whole is covered by thereceiver of 
an air pump, which is rapidly exhausted; and as soon as 
this is effected, crystals of ice begin to Mabe in the water, 
and a considerable quantity of air makes its escape, after 
which the whole of the water becomes solid. The rare- 
faction required is to about 100 times; but to support 
congelation, after it has taken place, 20 or even 10 times 
are sufficient. ‘The sulphuric acid becomes very warm; 
and it is remarkable, that if the vacuum ‘be kept up, the 
ice itself evaporates. In five or six days, ice of an inch 
in thickness will ‘entirely disappear. ‘The acid continues 
- to act, till it has absorbed an equal volume of water. 

An elegant manner of making the experiment is to 
eover the vessel of water with a plate of metal or glass, 
fixed ‘to the end of a sliding wire, which must pass through 
the neck of the receiver, and be, at the same time, -air 
tight, and capable of being drawn upwards. When the 
receiver is exhausted, ‘the water will continue fluid, till the 
cover is removed, when, in less than five minutes, needle- 
shaped ‘crystals of ice will shoot through it, and the whole 
will soon become frozen. 

In this interesting process, if it were not for the sulphuric 
acid, an atmosphere of aqueous vapour would fill the re- 
ceiver; and, pressing on the surface of the water, would 
prevent the further production of vapour. But the steam, 
which rises, being condensed the moment it is formed, the 
evaporation goes on very rapidly, and has no limits but the 
quantity of the water, and the diminished concentration of 
the acid. 

It is on the same principle, that the instrument invented 
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by Dr. Wollaston, and termed by him the Cryophorus, or 
Frost-bearer, is founded. It may be formed’ by taking a 
glass tube, having an internal diameter of about 1th of an 
inch diameter, the tube being bent to'a right angle at the 
distance of half an inch from each ball, thus: 


One of these balls should be about half filled with water, 
and the other should be as perfect a vacuum as can readily 
be obtained, the mode of effecting which is well known to | 
those accustomed to blow glass. one of the balls is made 
to terminate in a capillary tube; and when the water in the 
other ball has been boiled over a lamp a considerable time, 
till all the air is expelled, the capillary extremity, through 
which the steam is still issuing with violence, is held in the 
flame of the lamp, till the fone of the vapour is so far re- 
duced, that the heat of the flame has power to seal it her- 
metically. 

When an instrument of this kind is. well prepared, aif 
the empty ball be immersed in a mixture of snow and 
salt, the water in the other ball, though at the distance of 
two or three feet, will be frozen solid in the course of very 
few minutes. The vapour in the empty ball is condensed 
by the common operation of cold; and the vacuum pro- 
duced by this condensation, gives opportunity for a fresh 
quantity to arise from the opposite ball, with'a proportional 
reduction of its temperature. . 


‘The large quantity of caloric, latent in steam, renders 
its application extremely useful for practical purposes. Thus, 
water may be heated, at a considerable distance from the 
source of heat, by lengthening the conducting pipe ¢, fig. 46. 
This furnishes us with a commodious method of warming 
the water of baths, which, in certain cases of disease, it is.of 
importance to have near the patient’s bed-room; for the ‘ 
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boiler, in which the water is heated, may thus be placed on 
‘the ground-floor, or in 'the cellar of a house; and the steam 
‘conveyed by pipes into an upper apartment. Steam may 
also be applied to the purpose of heating or evaporating 
water, by a modification of the apparatus. Fig. 46, g, re- 
presents the apparatus for boiling water by the condensation 
of steam, without adding to its quantity ; a circumstance 
occasionally of considerable importance. ‘The’steam is re- 
ceived between the vessel, which contains the water to be 
cheated, and an exterior case; it imparts its caloric to the 
water, through the substance of the vessel; is thus con- 
densed, and returns to the boiler by the perpendicular pipe. 
An alteration of the form of the vessel adapts it to evapo- 
ration (fig. 46, h). This method of evaporation is admi- 
rably suited to the concentration of liquids, that are de- 
composed, or injured, by a higher temperature than that of 
boiling water, such as medicinal extracts; to the drying of 
precipitates, &c. In the employment of either of these 
vessels, it is expedient to surround it with some slow con- 
ductor of heat. On asmall scale, a few folds of woollen 
cloth are sufficient; and, when the vessel is constructed of 
a large size for practical use, this purpose is served by the 
brick-work in which it is placed. 


a 


SECTION V. 
Specific Caloric. 


‘Eguat weights of the same body, at the same temperature, 
contain the same quantities of caloric. But equal weights 
of different bodies, at the same temperature, contain unequal 
quantities of caloric. The quantity of caloric, which one 
body contains, compared with that contained in another, is 
called its specific caloric ; and the power or property, which 
enables bodies to retain different quantities of caloric, has 
been called capacity for caloric. The method of determining” 
the specific caloric, or comparative quantities of caloric in 
different bodies, is as follows: | | 

It has already been observed, that equal weights of the 
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same body, ‘at different temperatures, give, on admixture, 
the arithmetical:mean. Thus, the temperature of a pint of 
hot water and a pint of cold, is, after mixture, very nearly 
half way between that of the two.extremes. But this is not 
the case, when equal quantities of different bodies, .at-dif- 
ferent temperatures, are employed. 

(a) Ifa pint of quicksilver at 100° Fahrenheit, -be mixed 
with a pint of water at 40°, the resulting temperature will 
not ‘be 70° (the arithmetical mean), but only 60°. Here 
the quicksilver loses 40° of ‘heat, which nevertheless ‘raise 
the temperature of the water only 20°; in other words, a 
larger quantity of caloric is required to raise ‘the tempera~- 
ture of a pint of water, than that of a pint of mercury, 
through the same ‘number of degrees. Hence it is inferred, 

_ that water has:a: greater capacity for caloric than i is scans 
an ‘quicksilver. 

(b) ‘The experiment may be ‘reversed, by‘heating ehiswaticr 
to a greater degree than the quicksilver. Ifthe-water be at 
100°, and the mercury at 40°, the resulting temperature 
willsbe nearly :80°; because the pint -of ‘hot -water contains 
amore caloric, than is necessary to raise the. pee | to 
the arithmetical mean. 

(c) Lastly, if we take two measures of quicksilver to-one 
of water, it is of no consequence which is the hotter; for 
the resulting temperature is always the mean between the 
two extremes; for example, 70°, if the extremes be 100° and 
40°. Here, it is manifest, that the same quantity of caloric, 
which makes one measure of water warmer by 30°, is suf- 
ficient for making two measures of quicksilver warmer by 
thesame number. Quicksilver has, therefore, a less capa- 
city than water for caloric, in the proportion, when sm 
Measures are taken, of one to ‘two. 

Jf, instead of equal bulks of quicksilver and water, we 
had taken equal weights, the disparity between the specific 
. caloric of the mercury and water would have been stilt 
~ greater. Thus a pound of water at 100°, mixed with a pound . 
of mercury at 40°, gives a temperature of 971°, or 272° 
‘~above the arithmetical mean. In this experiment, -the 
water, being codled from 100° to 972° has lost a quantity of 
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caloric reducing its temperature only 24°; but this caloric, 
communicated to the pound of mercury, has produced, in 
its temperature, a rise of no less than 571°. ‘Therefore, a 
quantity of caloric, necessary to raise the temperature of a 
pound of water 21°, is sufficient to raise that of a pound of 
mercury 574°; or, by the rule of proportion, the caloric, 
which ‘raises the temperature of a pound of water 1°, will 
raise that of a pound of quicksilver about 23°. ‘Hence it is’ 
inferred, thatthe quantity of caloric contained in water, is 
to that contained in the same weight of quicksilver as 23° 
to19°° Or, re the caloric of water at 1°, that ys iain 
silver will be .1, part of 19, or 0,0435%. 

“When thee! comparison is extended to a great variety of 
bodies,’ they will be found to differ very considerably in their 
capacitiés for caloric. ‘The results of numerous experiments 
of this kind are comprised in a table of specific caloric+.’ 

° The capacities of bodies for caloric influence, considerably, 
‘ the Yate at which they are heated and cooled. In’ general, 
those bodies are most slowly heated, and cool most slowly, 
which have the greatest capacities for heat}. Thus, if 
water and quicksilver be set, in similar quantities, and at’ 
equal distances before the fire, the quicksilver will be much 
more rapidly heated than the water; and, on removal from’ 
the'fire,’ it will cool with proportionally greater quickness 
than the water. By ascertaining the comparative rates of 
cooling, we may even tdcteerisine; with tolerable exactness, — 
 the’specific caloric of bodies; and particularly of one class 
(the ‘gases), which ‘are not easily compared in any other 
way§. The specific héat ‘of the different aériform fluids. ail | 
bé stated, ‘on the aa of sain ee and Berard, in the 


te on gases. #0 


°8 Thé above’ ‘numbets; whiéh differ from sg seas ase stated, are 
given on the authority of Mr. Dalton: > 
if See the Appendix.,.« | ' { See Martine, on Rent page 74. © 
~§ See Leslie on, High coup XxI. . 
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CHAPTER Iv. 
OF LIGHT. | 


THE lies of light, so far as they relate to the sia tneill 
of its movement, and to the sense of vision, constitute the 

' science of optics; and are the objects, therefore, not of’ 
Chemistry, but of Natural Philosophy; ,» Light, however, is 

capable of producing important ‘chemical, effects, and_ of: 
entering into various chemical combinations. Its action is, 

‘for the most part, exerted in de-oxidizing bodies; and facts 

of this kind. cannot, be perfectly understood, until two, im- 

portant classes of bodies have been’ described, viz. those. of 
oxides and of acids. In this place, therefore, shall state, — 
only a. few of its least complicated effects; and shall trace 
its agency on different bodies, as they become the objects of 
experiment in'the sequel. 

~ I, Light, in the state in which it mindieas the organ of 
vision, it is well known, ‘is not a simple body, but is capable 


of being divided, by the prism, into seven primary rays or, 


Pic ci viz. red, orange, yellow, green, blue, indigo, and - 
violet. : These are refrangible in the above order, the red 
being least refrangible, and the violet most so. The image — 
formed by the ‘different rays, thus separated, constitutes the 
SOLAR SPEcTRUM. If it be divided into 360 parts, the red — 
will occupy 45 of these parts, the orange 27, the yellow 48, 
the green 60, the indigo 40, and the violet 80. 

IJ. Heat and light are not present, in corresponding de. 
grees, in different parts of the solar spectrum, With respect 
to the idluminating power of each colour, Dr. Herschel] — 
found that the red rays are farfrom having it in an eminent — 
degree. ‘The orange possesses more of it than the red; and 
the yellow rays illuminate objects still more perfectly. The 
maximum of illumination lies in the brightest yellow or 
palest green. The green _jitself is nearly equally bright with 
the yellow; but from the full deep green, the illuminating 
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power decreases very sensibly. «That: of ‘the blue is nearly 
on a par with that of the red; the indigo has much less 
than the blue, and’the violet is very deficient *. 

III. The heating power of the rays follows a different 
order.—If the bulb of'a’very sensible air thermometer be 
moved in ‘succession, through the differently coloured rays, 
it-will be found to indicate the greatest heat in the red rays; 
next in the green; and so on; in a diminishing progression, 
to the violet. ‘The precise effects of the'different rays, de- 
termined by Dr. Herschell’s experiments, are as follows: 


The thermometer ‘rose 


.. Inthe blue, ....., in 3 minutes from 55° to 56° 
a green, | 9 in 3 - 54 to.58 
: — yellow, .n3. ——— 56 to62 
~fullred, in 21 ———-,..,56 to 72 

— confines of red, in 21. —— 58 to731 


te 


Iv. “When the thermometer is removed entirely out of 
the confines. of the red rays, but with its ball still in the line 
of the spectrum, it rises even higher, than in the red rays; 


and continues to rise, till removed half an inch beyond the. 


extremity. of the red, rays. In. this situation, quite out of. 
the visible light, the thermometer rose in 21 minutes from 


61 to 79. The ball of the thermometer, employed for 


this | purpose, should be extremely small+, and should. be 
blackened with Indian ink. An air thermometer is better 
adapted than a mercurial one, to exhibit the minute change 
of temperature that ensues. These INVISIBLE HEAT-MAKING 
nays may be reflected by the mirror, and refracted by the 
lens, exactly i in the same manner as.the rays of light. 


_A new fact has been lately ascertained by Dr. Delaroche, : 
which seems to point out a close connection between heat. 


bs ‘Philosophical Preaectioi, 1800, page 267. 

“+ Excellent thermometers for this purpose, and others requiring great 
sensibility, are made by Mr. oe of ee and Mr, Cary, of 
London. 

12 
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and light, and a gr adual passage of the one into the other, 
The rays of invisible eat nll tsaneb glass with difficulty, 

at a temperature below that. of boiling. water; but they tra- 
verse it with a facility always increasing with the tempera- 
ture, as it approaches the point when bodies become lumi- 
nous, From these experiments, it would appear. that the 
modification, whatever it be, which must be impressed on 
- the invisible rays, to render them, capable of penetrating 
through glass, makes them approach more and more.to the 
state in which they must be, when they enter the eye, and: 

occasion the sensation of vision. 

The experiments of Dr. Herschell, already confirmed by 
Sir H. Englefield and other philosophers, were found corfect 
in the main, when repeated by Mr. Berard*, the same pro- 
gressive heating power being observed in the rays from the 
violet to the vad. But he found the greatest heating power 
at the extremity of the spectrum, and not beyond it. He 
fixed it at the point, where the bulb of the thermometer 
was still entirely covered by the red ray; and the thermo- 
meter sunk progressively, in proportion as the distance of 
its bulb from’ the red ray increased. Entirely out of the 
visible spectrum, where Herschell fixed the maximum of 
heat, its elevation above the ambient air was only one fifth 
of what it had been in the red ray itself. The reflection of 
invisible radiant heat Mr. Berard found, follows precisely 
eS same law as that of light. 

_Y. Beyond the Lath of the spectrum on the other 
side, viz. a little beyond the violet ray, the thermometer is | 
not affected; but in this place it is remarkable, that there 
are also invisible rays of a different kind, which exert all the’ 
chemical effects of the rays of light, and’ with even greater 
energy. One of the chemical properties of light, it will 
hereafter be stated, is, that it speedily changes, from white 
to black, the fresh-precipitated muriate of silver+. This 
effect is produced most rapidly by the direct light of the 
sun; and the rays, as separated by the prism, have this pro- 


ca Thomson’s Annals, ii. 162. t See chap. xVili, sect. 4, 
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perty in various degrees. The blue rays; for example, effect 
a change of the’ muriate’of silver in’ 15 seconds, which’the 
red require 20 minutes to accomplish; and, generally speak- 
ing, the power diminishes as we recede from the violet 
extremity. But entirely out of the spectrum, and beyond 
the violet rays, the effect is still produced... Hence it’ ap- 
pears, that the solar beams consist of three distinct kinds of 
rays: of those that excite heat, and promote oxidation; of 
illuminating rays; and of DE-oxIDIZING OR HYDROGENATING 
rays. A striking illustration of the different power of these 
various rays is furnished, by their effect on phosphorus. In 
the rays beyond the red extremity, phosphorus is heated, 
smokes, and emits white fumes; but these are presently 
suppressed, on exposing ‘it to the de-oxidizing rage? | which 
lie beyond the violet extremity.» | 
“J found,” says Sir H. Davy *, “that a mixture of chlorine 
and hydrogen acted’ more rapidly upon each other, com- 
bining without explosion,when exposed to the red rays, than 
when placed in the violet rays; but that solution of chlorine 
in water became solution of muriatic acid most rapidly, 
‘when placed in the most refrangible rays of the spectrum. 
~Puce-coloured oxide of lead, when moistened, gradually 
gained a tint of red in the least refrangible rays, and at last 
became black, but was not affected in the most refrangible 
‘rays; and the same change was produced by exposing it to 
-a current of hydrogen gas. The oxide of mercury, procured 
Ay solution of potash and calomel, exposed to the spectrum, 
‘was not changed in the most refrangible rays, but became 
‘red in the least refrangible ones, which must have depended 
on its absorbing. oxygen. ‘The violet rays produced, upon 
ee red oxide of mercury, the same effects as hydro- 
gen gas.” ) , 
' The recent: experiments of dibcied confirm those of 
‘Ritter and Wollaston.’ To shew the disproportion between 
‘the energies of the different rays, he concentrated, by means 
of a lens, all that part of the spectrum, which extends from 


~* El. of Chem. Phil. p. 211. + Thomson’s Annals ,ii. 165. 
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the green tothe: extreme violet ; and, by. another lens, all 
that portion, which extends from the green to the extremity. 
of the red... In the focus of this last, though intensely bright 
to the eyes, muriate of silver remained above two hours un- 
altered; but in that of the former, though much less bright, 
it was blackened in less than six minutes. ._ 

VI. There is an exception; however, as stated by Dr. 
Wollaston, to the de-oxidizing power of the rays, above- 
mentioned. ‘The substance, termed gum-guaiacum, has the 
property, when exposed to the light, of changing from a 
yellowish colour to green; and. this effect he has ascertained 
to be connected with the absorption of oxygen. Now in 
the most refrangible rays, which would. fall beyond the 
violet extremity, he found that this substance became green, 
and was again changed to yellow by the least refrangible. 
‘This is precisely the reverse of what happens to muriate of 
silver, which is blackened, or de-oxidized, by the most re- 
frangible; and has.its colour restored, or is again oxygenized, 
in dhe least refrangible rays... . 

VII. Certain bodies have the property of olvicnente ee 
rays'of light. in their totality; of retaining them for some 
time; and of again evolving them. unchanged, ‘and unac- | 
companied. by sensible heat.. Thus, in an. experiment of 
Du Fay, a diamond:exposed to the sun,.and immediately 
covered with black wax, shone in the.dark, on removing the 
wax, at the expiration of several months. Bodies, gifted 
with this property, are called soLaR PHosPHORI. Such are 
Canton’s, Baldwin’s, Homberg’s, and the Bolognian. phos- 
phori, which willbe described. hereafter. To the same 
class belong several natural. bodies, which retain light, and | 
-give it out unchanged. . Thus snow:is a natural solar phos- 
phorus. So also is, occasionally, the sea when agitated ; 
putrid fish have a similar property; and the glow-worm 
belongs to the same class. These phenomena are inde- 
pendent of every thing like combustion; for artificial phos- 
-phori, after exposure to the sun’s rays, shine -in the dark, 
when placed in the vacuum of-an air-pump, or under water, » 
&c., where no air is present to effect combustion. | 
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. VIII.' From solar phosphori, the extrication of light is 
facilitated: by the application of an elevated temperature ; and, 
after having ceased to shine “at the ordinary temperature, 
they again emit light when exposed to an increase of heat. 
Several bodies, which do not otherwise give out light, evolve 
it, or become phosphorescent, when heated. ‘Thus, powdered 
fluate of lime becomes luminous, when thrown on an iron 
plate raised to a temperature rather above that of boiling 
water. .The yolk of an egg, when dried, becomes luminous, 
on being heated; and soalso does t- low during liquefaction. 
'To exhibit the last mentioned fact, it is merely necessary to 
place a lump of tallow on‘a coal, heated below ignition, 
making the experiment in a dark room. 

IX. Attrition, also, evolves light. Thus, two pieces of 

common bonnet cane, rubbed strongly against each other 
in the dark, emit a faint light.. ‘Two pieces of borax have 
the same property much more remarkably. | 
. X., Light is disengaged in various cases of chemical com- 
bination. Whenever combustion is a part of the phenome- 
na, this is well known to happen; but light is evolved, also, 
in other instances, where nothing like aliatilit goes for- 
ward. ‘Thus, fresh prepared pure magnesia, added suddenly 
to highly concentrated sulphuric acid, exhibits a red heat. 

XI. For measuring the relative intensities of light from 
various sources, an instrument has been contrived, called the 
PHOTOMETER. ‘That of Count Rumford, described in the | 
84th volumeof the Philosophical Transactions, being founded 
‘on optical ‘principles, does not fall strictly within the pro- 
vince of this work. It is constructed on the principle, that © 
‘the power of a burning body, to illuminate any defined space, 
is directly as the intensity. of’ the light, and inversely as the 
‘square of the distance. .If two waetiuel lights shine on the 
same surface at equal obliquities, and an eciake body be inter 
‘posed between each of them and the illuminated surface, the 
‘two shadows must differ in intensity or blackness; for the 
shadow formed by intercepting the greater light will be illu- 
minated by the lesser light only ; and, reversely, the other 
shadow will be illuminated by the greater light; that is, the 


120 | > quer CHAP. IV. 


stronger light will be attended with the deeper shadow. But 
it is easy, by removing the stronger light to a greater dis- 
tance, to render the shadow, which it produces, not deeper 
than that of the smaller, or of precisely the same intensity. 
This equalization being effected, the quantity of light emitted 
by each lamp, or candle, will be as the square of the dis- 
tance of the burning’ body from the white surface. | 
_ The photometer of Mr. Leslie is founded on a different 
principle, viz. that light, in proportion to its absorption, 
produces heat. The degree of heat produced, and conse- 
quently of light absorbed, is measured by the expansion of a 
confined portion of air. A minute description of the inge- 
nious instrument contrived by Mr. Leslie with this view, 
may be seen in his work on Heat, or in the 3d vol. of Ni- 
eholson’s 4to. Journal. In its construction, it bears a con- 
siderable resemblance to thedifferential thermometer, already 
described, page 114, and represented plate i. fig. 7. As both 
the balls of the latter instrument, however, are transparent, 
no change ensues in the situation of the coloured liquid when 
it is exposed to the variations of light. But, in the pho- 
tometer, one of the balls is rendered opake, either by tinging 
the glass, or by covering it with a pigment; and hence this 
ball, absorbing the incident light which passes freely through — 
the transparent one, the air included in it becomes warmer 
than that of the other ball, and, by its great elasticity, forces — 
the liquid up the opposite leg of the instrument. A gradu- 
ated scale measures the amount of the effect; and a glass — 
covering defends the photometer from being peNisatiee’ by . 
the temperature of the atmosphere. 
‘The important discoveries of Malus, respecting the po- — 
larisation of light, scarcely fall within the province of this 
work, and I refer, therefore, fora popular statement of coh 
to the 33d. vol. of Nicholson’ s Journal, p. 344. et 


CHAPTER V. 


OF GASES. 


SECTION I. 
Of the Apparatus for Gases. 


For performing the necessary experiments on gases, many © 
articles of apparatus are essential, that have not hitherto been 
described. It may assist the student in obtaining the ne- 
cessary instruments, if a few of the most scReritial be here 
enumerated. In this place, however, I shall mention such 
‘only, as are necessary in making a few general experiments 
on this interesting class of bodies. | 

_ The apparatus, ynequited for experiments on gases, consists 
partly of vessels fitted for containing the materials that afford 
them, and partly of vessels adapted for the reception of com 
and for submitting them to experiment. 

1. For procuring such gases as are producible msiilotates a 
very strong heat, glass bottles, furnished with ground stop- | 
pers and bent tubes, are sufficient (plate ii. fig. 18). 
these several will be required, of different sizes and shapes, 
adapted to different purposes. If these cannot be procured, 
a Florence flask, with a cork perforated by a bent glass tube, 
or even by a tin 1 pipe, will serve for obtaining some of the 
Mises 

Those gases that require, for their liberation, a red heat, 
may be procured, by exposing to heat the substance capable . 
of affording them, in earthen retorts or tubes; or in a gun 
barrel, the touch-hole of which has been accurately closed 
by an iron pin. To the mouth of the barrel must be affixed 
& glass tube, bent so as to convey the gases where it may be 
requisite, 
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_ A very’ convenient apparatus, for obtaining such gases as 
cannot be disengaged without a red heat, is sold at the shops 
for philosophical apparatus in London. It consists of a cast- 
iron retort, to which a jointed metallic conducting tube is 
fitted by grinding; and by means of which the gas may be 
conveyed in any direction, and to any moderate distance. 
It is represented as placed, when in actual use, between the 
bars of a common fire-grate (plate ix. fig. 85, a, b.) 

2. For receiving the gases, glass jars, of various sizes 
(figs. 21, 22, 23), are required, some of which should be 
furnished with necks at the top, fitted with ground stoppers. — 


. Others should be provided with brass caps, and screws, for 


the reception of air-cocks (fig. 22). Of these last (the air- 
cocks), several will be found necessary ; and, to some of 
them, bladders, or elastic bottles, should be firmly tied, for 
the purpose of transferring gases. These jars will also be 
found extremely useful in experiments on the properties and 
effects of the gases. Some of them should be a lanenetees into 
ecm inches. 
-» To contain these jars, when in use, a vessel will be ne~ 
balled capable of holding a few gallons of water. 'This 
may either be of wood, if of considerable size; or, Zt small, 
of tin, japanned or painted. Plate iv. fig. 41, fi f exhibits:a 
section of this apparatus, which has been termed the pheu- 
mato-chemical trough, or pneumatic cistern. Its size may 
vary. with that of the jars employed; and, about two or three 
inches fromthe top, it should have a shelf; on which the 
jars may be placed, when filled with air, without the risk of 
being overset. In this shelf should be a few small] hobepie to 
which inverted funnels. may be soldered. 

A glass tube, about 18 inches long, and three reared of 3 
an inch ‘diameter (fig. 24); closed at one end,. and divided 


into cubic inches, and tenths of inches, will be required: for | 


ascertaining the purity of air by nitrous gas. It should: be 
accompanied also with a small measure; containing about 
two cubic inches, and similarly. g graduated. For employing 
the solution of nitrous gas in liquid sulphate ofiron(a happy 
invention of Sir H, Davy; which leaves very littleto bedesired 
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an eudiometry), glass tubes, about five inches long, and half 
an inch wide, divided decimally, are alsonecessary. Besides 
these, the experimentalist should be furnished with air fun- 
nels (fig. 19), for praesent gases. sibs ay to narrow 
vessels. | 

An apparatus, almost sisi narestibek in Babies on 1 this 
class: of bodies, is a GAZOMETER, which enables the chemist:to 
collect and to preserve large’ quantities of gas, with the aid 
of only a few pounds of water. In the form of this appara- 
tus there is considerable variety; but, at present, I have 
no other view than that of explaining its general construc- 
tion and use. It consists of an outer fixed vessel d (plate iv. 
dig. $5), and an inner moveable one ¢, both of japanned 
iron. The latter slides easily up and down within the other, 
and is suspended by cords passing over pulleys, to which are 
attached the counterpoises, ee. ‘To avoid the encumbrance 
of a great weight of water, the outer vessel d is made double, 
or is composed of two cylinders, the inner one of which is 
closed at the top and at the bottom. The space of only 
about half an inch is left between the two. cylinders, as 
shown by the dotted lines. In this space the vessel c may 
move freely up and down. The interval is filled with water 
as high as the top of the inner cylinder... The cup, or rim, 
at the top of the outer vessel, is to prevent the water from 
overflowing, when the vessel c is forcibly pressed;down, in 
which situation it is placed whenever gas is about to be.col= 
lected. ‘The gas enters from the vessel. in which it is pro- 
duced, by the communicating pipe J, and passes along the 
perpendicular pipe marked by dotted lines in the centre, 
into the cavity of the vessel.c, which continues rising till it is 
full. 

To transfer the gas, or to apply it to any purpose, the 
licks bis tobe shut, and an empty bladder, or bottle of elastic 
gum, furnished with a stop cock, to be screwed on a. When 
the vessel ¢.is pressed down with the hand, the gas passes 
down the central pipe, which it had before ascended, and 
its escape at b being prevented, it finds its way up a pipe 
which is fixed to the onter surface of the vessel, and which 


ie - 4s 


124 GASES. . CHAP. Vv. 


is terminated by the cock a, By means of an ivory mouth- 
piece screwed upon this cock, the gas, included in the instru- 
ment, may be respired; the nostrils being closed by the 
fingers. When it is required to transfer the gas into glass 
jars standing inverted in water, a crooked tube may be.em- 
ployed, one end of which is screwed upon the cock 4; while 
_theother aperture is brought under the inverted funnel, 
fixed into the shelf of the pneumatic inp (See fig. 
. 41, c.) | 
Several alterations have been made in the form of this 
apparatus; but they are principally such as add. merely to 
its neatness and beauty, and not to its utility; and they 
render it less easy of explanation. ‘The counterpoises ee 
are now, generally, concealed in the framing, and the ves- 
sel cis frequently made of glass. : 
When large quantities of gas are required (as at a public 
lecture), the gas-holder (uibdtei iv. fig. 36), will be found ex- 
tremely vinekole It is made of tinned iron plate, japanned 
both within and without. Two short pipes, a and c, ter- 
minated by cocks, proceed from its sides, and another, J, 
passes through the middle of the top or cover, to which it is 
soldered, and reaches within half an inch of the bottom. It 
will be found convenient also to have an air-cock, witha 
very wide bore, fixed to the funnel at J... When gas is to 
be transferred into this vessel from the gazometer, the vessel , 
is first completely filled with water through the funnel, the 
cock a being left open, and c shut. By means of a horizon- . 
_ tal pipe, the aperture a is connected with a of the gazometer. 
The cock l being shut, a and c are opened, and the vessel:c 
of the gazometer (fig. 35), gently pressed downwards with the 
hand. The gas then descends from the gazometer till the 
air-holder is full, which may be known by the water ceasing 
to escape through the cock c. All the cocks are then to be 
shut, and the vessels disunited. To apply this: gas to any 
purpose, an empty bladder may be screwed on-a; and water 
being poured through the funnel J, a corresponding quantity 
of gas is forced into the bladder. By lengthening the pipe 
2, the pressure of a column of water may be added ; oe the 
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gas being forced)through a with considerable ic tociens may’ 
. be applied to the purpose of a blow-pipe, &c., &c. The 
apparatus admits of a variety of modifications. The most 
~ useful oné appears to me to be that contrived by Mr. Pepys, 
consisting chiefly in the addition of a shallow cistern (¢, plate 
ix. fig. 85) to the top of the air-holder, and ofa glass regis~ 
ter tube f, which shows the height of the water, and conse- 
quently the quantity of gas, in the vessel. A more minute ac~ 
count of it will be given in the description of the ninth plate *. 
The gazometer, already described, is fitted only for. the 
reception of gases that are confinable by water; because 
quicksilver would act on the tinning and solder of the ves» 
sel and would not only be spoiled itself, but would destroy 
the apparatus. Yet an instrument of this kind, in which 
mercury can be employed, is peculiarly desirable, on account 
of the great weight of that fluid; and two varieties of the 
mercurial gazometer have therefore been invented. ‘'The one, 
of glass,:is the contrivance of Mr. Clayfield, and may be 
scen represented in the plate prefixed to Sir H. Davy’s Re- 
searches. In the other, invented by Mr. ‘Pepys, the cistern 
for the mercury is of cast-iron. “A drawing and description of 
it may be found in the 5th vol. of the Philosophical: Maga- 
zine; but as neither of these instruments are essential to the 
chemical:student, and as they are required only in ‘experi= 
ments of research, I deem it-sufficient to refer to the» minute’ 
. descriptions of their: respective inventors, — 1 
For those gases that are absorbed by water, a nadvottsial 
trough/is necessary. | For the mere exhibition of afew ex- 
periments on these condensible gases, a small wooden trough, ' 
11 inches long, two wide, and two deep, cut out ‘of a solid: 
block of mahogany, is sufficient; but' for experiments of 
research; ‘one of ‘considerable size is — (See —_ 
li. fig. 31, fof.) . | . 
The apparatus, rani for submitting gases 6 the action 
of electricity, is shown in plate ix. fig. 84; where a represents 


- * Descriptions and figures of improved gas-holders may be seen also. 
in the 13th, 24th, 27th, and 44th vols. of the Philosophical Magazine. _ 
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the knob of the prime conductor of an electrical machine; 
b a Leyden jar, the ball of which is in contact with it, as 
when in the act of charging; and c the tube standing in- 
verted in mercury, and partly filled with gas. The mer- 
cury is contained in a strong wooden box d, to which is 
screwed the upright iron pillar e, with a sliding collar for 
securing the tube c'in'a perpendicular position. When the 
jar'L is charged to a certain intensity, it discharges itself be-)_ 
tween the knob a and the small ball’i, which, with the wire 
connected with it, may be occasionally fitted on the top of _ 
the tube c.. ‘The strength of the shocks: is enn by. the 
distance between a and 7. ,. 
/ By the same apparatus, inflammable mixtures of gases . 
may be exploded by? electricity... In this case, however, the. 
jar. is unnecessary, a spark received by 2 froma ie ae 
sufficient to kindle the mixture. : ) 
The method of weighing gases is very simple aid easily: 
practised. ‘For this purpose, however; it is necessary to. be» 
provided with a good air-pump ; and with a globe or flask,» 
furnished with a brass cap and air-cock, as shown fig. 22, L.. 

’ A graduated receiver is also required, to which an. air-.. 
_ cock is adapted, as shown at fig. 22, a. ‘eon 
. Supposing the receiver ato be filled with any gas, vii } 
mas of which is to be ascertained, we screw the cock of 
the vessel J on the transfer plate of an air-pump, and ex~: _ 
haust it as completely as possible. The weight of the ex- _ 
hausted vessel is then very accurately taken, even to a small _ 
fraction of a‘grain; and it is screwed upon the air-cock of: . 
the receiver.a. On opening both cocks, the last of which ie 

should be turned very gradually, the gas ascends from the. 
vessel a; and the quantity, which enters into the flask, is’ - 
known by the graduated scale ona, On weighing the vessel. 
a second time, we ascertain how many grains have been ad-_ 
mitted. \Ifwe have operated on common air, we shall find —. 
its weight to be at the rate of about 30.5 grains to 100 cubi-. . 
cal inches... The same quantity of oxygen gas will weigh. - 
about 34 grails, and of: Se bea: acid gas upwards of 47— 
grains. 
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In experiments of this kind it is necessary either to ope~ 
rate with the barometer at 30 inches, and the thermometer 
at 60° Fahrenheit, or to reduce the volume of gas employed 
to that pressure and temperature, by rules which are given 
in the Appendix. Great care is to be taken, also, not to 
warm any of the vessels by. contact with the hands, from: 
which they should be defended by a glove. On opening.the 
communication between the receiver and the exhausted ves. 
sel, if any water be lodged ‘in the air-cock attached to the 
former; it will be forcibly driven into the latter, and the ex- 


‘periment will be frustrated. This may be avoided by using 
- great care in fillmg the receiver with water, before ep 


into it the gas under examination. 

. The specific gravity of any gas compared with common’ 
air is readily known, when we have once determined its ab- 
solute weight. Thus if 100 cubic inches of air weigh 30.5 
grains, and the same quantity of oxygen gas weighs 34 
Seto we say, | 

SB 0N5 9. S498 F.000¥ 21.2147. | 
The’ specific gravity of oxygen gas will therefore be as 
1.1147 to 1.000. We may determine, also, the specific gra-' 


 vity of gases, more simply, by weighing the flask, first when’ 


full of common air, and again when exhausted; and after- 


_ wards by admitting into it as much of the gas under exami-: 


nation as it will receive ; and weighing it a third time. Now 

as the loss between the first and second weighing is to the 

gain of weight on admitting the gas, so is common air to 

the gas whose specific gravity we are estimating. Supposing, 

for example, that by exhausting the flask it loses 30.5 grains, 

and that by admitting carbonic acid it gains 47 ; then 
80.5 247 32° 1.000 °:::125409. 


_ The specific gravity of carbonic acid is therefore 1.5409, air 


being taken at-1.000. And knowing its specific gravity, we 


ean, without any farther experiment, determine the weight 
of 100 cubic inches of carbonic acid; for as the specific gra= 


vity of air is to that of carbonic acid, so is 30.5 to the num- 
ber required ; or . 
4,000: 1.5409 +; 30.5 : 47. 
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One hundred inches of carbonic arice therefore, will weigh 
47 grains. : 
Previously to under taking sitet; on other gases, it 
may be well for an-unpractised experimentalist to accustom 
himself to the dexterous management of gases, by transfer-' 
mee common air from one i to another of different sizes. 
1. When aglass jar, closed at one end, is filled with water, 
8 held. with, its: mouth downwards, in’ however small: a 
quantity. of water, the fluid is retained in its place by the 
pressure of the atmosphere on the surface of the exterior: 
water. . Fill in this manner, and invert, on the shelf of: the 
pneumatic trough, one of the jars, which is furnished with a 
stopper (fig. 23), The water will remain in the jar solong. 
as the stopper is closed; but immediately on removing it; the 
water will descend to the same level within as without; for it 
is now pressed, equally upwards and downwards, by the: 
atmosphere, and falls: therefore in consequence of its own: 
gravity. Cagw gnieTg 
2. Place the jar; filled: with water/and inverted’ over one 
of. the funnels of the shelf of the pneumatic trough. ‘Then 
take another jar, filled (as it will: be of course) with atmos- 
pherical air. Place the latter with its mouth on the surface 
of the water; and on pressing it in the same position below: 
the surface, the included air will remain in its sithationy 
Bring the mouth of the jar beneath the funnel in the shelf, 
and incline it gradually. ‘The air will now rise in bubbless. . 
through the funnel, into the upper jan: and will expel a was) 
ter from it into the trough. 
8. Let ‘one of the: jars, provided Saxe a stop-cock: at the: 
top, be placed full of air on the shelf of the trough. Screw: 
upon it.an empty bladder ; opén the commiunication between 
the } jar and the bladder, and press’ the former into the water. 
The air will. then pass into the bladder, till it is filled; and 
when the bladder is removed from the jar, anda pipe screwed: 
upon it, the air may be again transferred into a jar: ih die 
in water.) | . | | 
4. For the purpose of transferring gases Pua a widy vessel: 
standing over water, into a small tube filled with and inverted 


\ 
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in mercury, I have long tised the following contrivance of 
Mr. Cavendish. A tube, eight or teh inches long, and of 
very small diameter, is drawn out to a fine bore, and bent at 
this end, so as to resemble the italic letter . The point is 
then immersed in quicksilver, which is drawn into the tube 
till it is filled, by the action of the mouth. Placing the fin- 
ger over the aperture at the straight end, the ea is next 
conveyed through the water, with the bent end uppermost, 
into an inverted jar of gas. When the finger is removed, 
the quicksilver falls from the tube into the trough, or into a 
cup placed to receive it, and the tube is filled with the gas. 
The whole of the quicksilver, however, must not be allowed 
to escape; but a column must be left, three or four inches 
long, and must be kept in its place by the finger. Remove 
the tube from the water ; let an assistant dry it with blotting 
paper; and introduce the point of the bent end into the 
aperture of the tube standing over quicksilver. On with- 
drawing the finger from that aperture which is now upper- 
most, the pressure of the column of quicksilver, added to the 
weight of the atmosphere, will force the gas from the bent 
tube into the one standing i in the mer patie trough. 
On every occasion, when. it is necessary to observe the 
_ precise quantity of gas, at the commencement and close of 
an experiment, it is essential that the barometer and ther- 
mometer should exactly correspond at both periods. An 
increased temperature, or.a fall of the barometer, augments 
the apparent quantity of gas; and a reduced temperature or 
a higher barometer diminishes its bulk. Another circum- 
stance, an attention to which is indispensable i in all accurate 
experiments, is that the surface of the fluid, by which the 
gas is confined, should be pr ecisely at the same level within 
and without the jar. If the fluid be higher within the jar, 
tthe contained gas will be under a less pressure than that of 
the atmosphere, the weight of which is counterpoised by that 
of the column of fluid within. In mercury, this source of 
error is of very considerable amount; as any person may be 
_ satisfied by pressing down, into quicksilver, a tube partly 
filled with that fluid, and partly with ait’ for the volume of 
You. I, K 
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the air will gradually decrease, the deaper the’ tube is itn- 
mersed. 
In experiments on gases, it is not‘always possible, how- 
ever, to begin and conclude an experiment at precisely the 
same temperature, or with the same height of the bardmeter 5 
or even to bring the mercury within ana without the receiver 
to the same level. In these cases, therefore, calculation be- 
comes necessary; and, with the view of comparing results 
more readily and accurately, it is usual to reduce quantities 
of gas to the bulk they would occupy under one given pres- 
sure, and at a given temperatur e. In this country, it is now 
customary to assume as a standard 30 inchés of the baro- 
meter, and 60° of Fahrenheit’s thermometer ; and to bring 
to these standards observations made under other ‘degrees 
of atmospheric -pressure and temperature, The rules for 
these corrections, which are sufficiently simple, I shall give 
in the Appendix. | 


Of experiments illustrative ‘of the nature of gases in ‘gene- 
ral, it may be proper to mention one or two that show the 
mode in which caloric exists in this class of bodies. In va- 
pours, strictly so called, as the steam of water, caloric seems 
to be retained with but little force; for it quits the water 
when the vapour is‘merely exposed to'a lower temperature. 
But, in gases, caloric ig united by very forcible affinity, and 
no diminution of temperature, that has ever yet been effected, 
can separate it from some of them. Thus the air of our at- 
mosphere, in the most intense artificial or natural cold, still 
remains in. the aériform state. Hence is derived one cha- 
racter of gases, viz. that they remain aériform under almost 
all variations of pressure and temperature; and in this class s 
are also included those aérial bodies, which, being condensed _ 
by water, require confinement over mercury. T he follow- | 
ing experiment will show, that the caloric, contained in 
gases, is chemically combined. 

Into_a-small retort (plate ii. fig. 26, 4) put an ounce. or. 
two of well dried common salt, a about half its weight of 
sulphuric acid. By this process, a great quantity of gas is 
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produced; which might be received and collected over mer- 
cry. But, to serve the purpose of this experiment, let it 
pass through’a glass balloon, ¢, havitig three openings, into 
one of which the neck of the retort passes, while, from the 
other, a tube @ proceeds, which ends in a vessel of water, f, 
of the temperature of the atmosphere: Before closing the 
apparatus, let a thermometer, d, be included in the balloon, 
to show the temperature of the gas. It will be found that 
the mercury, in this thermometer, will rise only a few de- 
gtées, whereas the water, in the vessel which receives the 
bent tube, will soon become boiling hot. In this instance, 
caloric flows from the lamp to the muriatic acid, and con 
_Vérts it into gas; but the heat, thus expended, is not appre- 
ciablé” by thé thermometer, and must, therefore, be chemi- 
cally combined. The caloric, however, is again evolved, 
when the gas is condensed by water. In this experiment, 
we trace caloric into a latent state, and again into the state 
of free or uncombined caloric. ? 
A considerable part of the caloric, which exists in gases 
- In alatent state, may be rendered sensible by rapid mecha- 
hical compression. Thus if air be suddenly compressed in 
the ball of an air-gun, the quantity of caloric liberated by 
the first stroke of the piston, is sufficient to set fire to a piece 
of the tinder called amadou*. A flash of light is said, also, 
to be perceptible at the moment of condensation. This fact 
has been applied to the construction of a portable instrument 
for lighting acandle. It consists of a common syringe, con- 
_ cealed in a walking stick. At the lower extremity, the sy- 
tingé is furnished with a cap, which receives the substance 
_ intended to be fired, and which is attached to the instru- 
ment by a male and female screw. ‘The rapid depression of 
thé piston condenses the air, and evolves sufficient heat to 
set the tinder on fire +. 
For demonstrating the influence of variations of atmo- 
spheric pressure on the formation of gases, better experi- 


* Philosophical Magazine, xiv. 363, and xl. 42k, 
+ Philosophical Magazine, xxxi. 130. 
: " 2 
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ments cannot be devised than those of Lavoisier *. But as — 
some students, who have the use of an air-pump, may. not, 
possess the apparatus described by Lavoisier (the glass bell. 
and sliding wire), it may be proper to point out an easier 
mode of showing the same fact. ‘This proof is furnished by 
the experiment already described, in which ether is madeto 
assume alternately an aériform and liquid state, by removing 
and restoring the pressure of the atmosphere. 

Gases, when once formed, undergo a considerable change 
of bulk by variations of external pressure. The general law, 
which has been established on this subject is, that the volume 
af gases 1s inversely as the compressing force. If, for exam- 
ple, we have a quantity of gas occupying 60 cubic inches 
under the common pressure of the atmosphere, they will fill 
the space of only 30 cubic inches, or.one half under a dou- 
ble pressure; of 20 inches, or one 3d, under a triple pres- 
sure ; of 15 inches, or one 4th, der four times the pressure ; 
and so on. 

The law of the dilatability of gases by heat has already 
been stated to be an enlargement of about =+,th part of their 
- bulk for each degree of Fahrenheit’s scale, between the 
freezing and boiling points of water. 

Before dismissing the consideration of the gases in 1 gene- 
ral, there are a few properties, which it may be proper to 
notice, with the view of comparing the degree, in which they 
belong to different individuals of the class. 

1. The exact specific gravity of the different gases is a most 
important element, in calculating the proportion of the in- 
gredients of compounds, into which they enter. Nothing, 
indeed, can show the importance of this object more strik- 
ingly, than the fact, that on the precise specific gravities of | 
hydrogen and oxygen gases, depend the whole series ofnum- _ 
bers, which are used to express the weights of the atoms of - 
bodies on the Daltonian theory. The following Table ex- 
‘hibits the specific Ae tak of the most important “of this class 
of bodies, 


oe 


soe: 


~ * See his Elements, chap. 1. 
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TABLE OF THE SPECIFIC GRAVITY OF GASES. ‘ 
Barometer 30, Thermometer 60°.. 
Wt. of 


Names oF GAsEs, Specific/100 cub,| Authority. 
Gravity | inches, 


——— Gee 


Se 


Grains, |™ 
Atmospherical air.............2.se+--{!.0000 | 30.50 |Shuckburgh. 
Oxygen gas ....... .0ceccee cess {L- 1088 | 33.82 {Allen and Pepys. 
DURGS edi cahass} ik debas ayant Oe Us re | Biot and Arago. 
Hydrogen gas...........-.+.-..(0.7321 | 2.23 |Ditto. 
Nitrogen gas.............0-+-.-|0,.9691 | 29.55 |Ditta, 
Chlorine gas......... cooesee 612.5082 | 76.50 |Davy, 


»  { Ammoniacal gas.. ..........0.. 0.5960 | 18.18 |Allen and Pepys, 
2 | Garba: Hydr.from stagnant water 0.666 | 20.66 |Dalton. 
3 Olefiant gas. ...........2-.000-{0:974 | 29.72 |Thomson. 
a Phosphureted hydrogen. peje .../0.852 | 25.98 |Daltonand Henry 
§ died PUSROUAD © vin’ Was id Sigel otis a iames des 0.435 | 13:26 |Davy. 
3 2 Hydro-Phosphoric PAS. ceeeeee-(0.870 | 26.53 | Ditto. 
3S | Sulphuretted hydrogen......... 1.177 | 35.89 |Ditto. 
3 RROD i. ibe stds oes os esles o ate] 281 54, 38.1 Thenard, 
oy Arsenuretted hydrogen ehinatbs $i 0.529 | 16.13 |Tromsdorff. 
£ | Vapour of alcohol..........-.-|2-100 | 65. |Dalton. 
© =| Ditto of ether........... ene 2:250 | 70. Ditto, 
afi fe CBEDOMIG OXIDE). acne eevee 493 0.967 | 30.19 |Cruickshank, 
RS Nitwomsexide 2)... SSSa dino oe 1.614 | 49.22 |Davy. 
Fo} Nitrous gas..........0.. ep retkats 1.049 | 32. Ditto, 
= iia Oa hele BRM Baber rat Aad bee 1.0388 | 31.684|Berard. 
{ Carbonic acid................-|1.518 | 46.31 |Saussure, 
DAO GT ike’ ens 6 sae the wows 1.5495 | 47.26 |Allen and Pepys, 
g Muriati¢ acid... .....eeec0e0ee-41.278 | 38.9T |Davy and Biot. 
s Nitgic acid) 5 ass xia. s! Se al 12,425 | 76. |Davy. 
da) Sulphureous acid.............- 2.193 | 66.89 |Ditto. 
= Ditto..... Penh otis dis cde ghved. (2. 808" 1° 70224 iGay’ Enksac, 
< Phosgene gas........-.+-- .---3.669 {111.91 |John Davy, 
Silicated fluoric...... Lara fae 2.990 | 91.19 |Ditto. 


Fluoboracic’........-.ce0ce8+-/2.370 | 72.31 'Ditto. 


2. The determination of the specific heat of gases is a diffi- 
cult and important problem, which has successively employed 
the labour and ingenuity of Crawford, Lavoisier and De 
la Place, Leslie, Gay Lussac, Dalton, and Delaroche and 
Berard. Thé results of the two last-mentioned philoso- 
phers, having been attained with the advantages of an im- 
proved state of the science, and of instruments of the greatest 
delicacy and refinement; are most entitled to confidence. 
The details of their experiments are given in the 85th vo- 
lume of the Annales de Chimie, preceded by an historical 
review of the labours of their predecessors, The following 
Table contains the general results. 
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TABLE OF THE SPECIFIC HEATS OF SOME GASES. 
es ae So aD Uscer Unver* Speci- 
Names or GsAszs, equal | equal | fic gra- 
' volumes.| weights. | vities. * 


Atmospheric air... 2.2... ccceee ences seceececes| 1.0000 | 1.0000 | 1.0000 
TTYGrogen 845.07... wie pean oe area iste tetsu st 0.9033 |12.340 | 0.0732 
Oxygen gas oe Fee, ats lets Geen waa. Gets 0.9765 | 0.8848 } 1.1036 
INTEFOZOD GAS,» de e.s on cients wes decdbccoccseeccee} L,.0C00 } 1.0318 | 0.9691 
Nitrous bride. A ecru le gt Feet in gdh Bae Bs ie Tea 1.3503 .| 0.8878 | 1.5209 
Olefiant Pas. . ied avikedobegare “seme aes save oi GOOal | eB 1O0.1 OU. soar 
SCY DONIC OXIGG, 1. duals betslewialenm «eye oie st aneee 1.0340 | 1.0805 | 0.9569 
‘Carbonic acid. .e-..... Pot bicek 3a leit Ratan eS Perse 1.2583} 0.8280 | 1.5196 


8. The wtloue of the electric spark, when transmitted 
through different gases, has been observed by De Grotthus * 
to be as-follows: 

In atmospheric air of double ini the spark was more 
ert but not coloured. 
| Intivdrocenpeds: joi) Lisa dee res 

—_ phosphureted hydrogen .......... red. 
—— PINNTOM Bi es abies oe os ga towered THORS 
— dry carbonic acid .gas............ violet. 
— OXYQEN GAS... Leese eee seer e eee Gitto. 
—— aqueous Vapour.........0...6+4.. OFANge. » 
-—— vapour of ether’ | 
— ditto of alcohol 

The general inference from his experiments is, that the 
intensity of electric light:is always in .a.direct proportion:to 
the density of the gas, and in the inverse proportion to the 
- conducting power of the gas for electricity. 

4. The comparative soniferous properties of the gases have 
-been determined” by Messrs. Kerby and Merrick; but as 
‘these belong rather to mechanical than to chemical science, 
I shall content myself with referring to the account of them 

in the 27th and 33d volumes of Nicholson’s Jourial: 
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“SECTION °*IH. 
Oxygen Gas. 
We have no knowledge ¢ of the, properties of oxygen in.a 
"state of complete Separation In the most simple form, under 
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which we can procure it, it is combined with caloric, and, 
probably with light and electricity, constituting oxygen gas. 

I. Oxygen gas may be procured from various substances. 

1. From.the black oxide of manganese, heated to redness 
ina gun-barrel, or in an iron or earthen retort; or, from 
the same oxide, heated by a lamp in a retort or gas bottle, 
with half i its weight of strong sulphuric acid. 

2. From the red oxide of jon (the common red lead used 
by painters), heated either with or without sulphuric acid.. 

3. From various other oxides, as will be hereafter men- 
tioned. 

As, or nitrate of potash (common saltpetre) made red 
hot in a gunbarrel, or in an earthen retort. 

5. ihe oxygenized muriate of potash, heated in a 
small glass retort, over an Argand’s lamp. ‘The oxygen gas 
thus produced, is much purer than that obtained in any 
other mode, especially the last portions, which should be 
kept separate. 

All these substances, after having yielded oxygen gas, are 
found considerably diminished in weight; and calculating 
each cubic inch of gas to be equal to one third of a grain, 
the loss of weight will be found pretty exactly equivalent to 
that of gas generated. . 

I. This gas has the following properties : 

“Lee is not absorbed by water *; or, at least, is so sparingly 
absorbed, that, when agitated in contact with yates no per= 
ceptible diminution takes place. 

2. It is rather heavier than common air.—Sir H. Davy ori- 
ginally stated 100 cubic inches, at 55° F ahrenheit, and 30 
inches of the barometer, to weigh 35.06 grains; and at the 
temperature of 60°, the same quantity would weigh 34.70, 
or, according to the same author, in his Elements of Che- 
mical pane 34 grains. Messrs. Allen and Pepys have 


a 


' * Tn this as in several other instances, where a gas is said not to be 
absorbed by water, the assertion is not to be taken strictly, but merely as_ 
implying that only a minute and difficultly appreciable portion is absorb-. 
ed, The precise proportion, of each gas absorbed. by water is stated in 
Chap, vi, Sec, 3, in the form of a table. | 
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determined 100 cubic inches to weigh 33.82 grains, the ba- - 
rometer being 30, and thermometer 60°. By Biot and Arajo 
its specific gravity is stated to be 1.10359, — 

2. All, combustible bodies burn in oxygen gas with greatly 
increased ‘splendour. 

(a) A lighted wax taper, fixed to an iron wire, and plung- 
ed into a vessel of this gas, burns with great brilliancy, pl. 
iv. fig. 38. If the taper be blown out, and let down into a 
vessel of the gas while the snuff remains red hot, it instantly 
rekindles, with a slight explosion. | 

(L)A red hot bit of charcoal, fastened to a copper wire, and . 
immersed in the gas, throws out beautiful sparks. 

(c) The light of phosphorus, burnt in this gas, is the 
brightest that can be in any mode produced. Let the phos- 
shebue be placed in a small hemispherical tin cup, which 
may be raised by means of the wire stand, pl. il. fig. 25, two 
or three inches above the surface of water contained in a 
broad shallow dish. Fill a bell-shaped receiver, having an 
open neck at the top, to which a compressed bladder is firmly 
tied, with oxygen gas; and, as it stands inverted in water, 
press a circular piece df pasteboad, rather exceeding the j jar 
in diameter, over its mouth. When an assistant has set fire . 
to the phosphorus, cover it instantly with the jar of oxygen 
gas, retaining the pasteboard in its place, till the jar is im- 
mediately over the cup. When this has been skilfully ma~ 
naged, a very small portion only of the gas will escape ; and 
the inflammation of the phosphorus will be extremely bril- 
liant. The expanded gas rises into.the flaccid bladder, and - 
is thus prevented from escaping into the room, and proving . 
disagreeable by its suffocating smell. 3 

(d) Substitute, for the phosphorus i in experiment CyB smal] 
ball formed of turnings of zinc, and in which about a grain ~ 
of phosphorus i is inclosed. _ Set fire to the phosphorus, and 
cover it expeditiously with the jar of oxygen. Thezine will . 
be inflamed, and will burn with a beautiful white light. A.» 
similar experiment may be made with metallic arsenic, which . 
may be moistened with spirit of turpentine. The filings of. 
yarious metals may also be inflamed, by placing them in a 
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small cavity, formed ina piece of charcoal, igniting the char= 
coal, and blowing, on the part containing the metal, astream — 
of oxygen gas. 

' (e) Procure some thin harpsichord wire, and twist it round 
a slender rod of iron or glass, so as to coil it up in a spiral 
form. Then withdraw the rod, and tie a little threadl or flax 
round one end of the wire, for about one 20th of an inch; 
‘which end is to be dipped into melted sulphur. The other 
end of the wire is to be fixed into a cork; so that the spiral 
may hang vertically (fig. 39). Fill, also, with oxygen gas, 

a bottle peedtie of holding about a quart, and set it with its 

mouth upwards. ‘Then light the sulphur, and introduce the 

wire into the bottle of gas, ershedeeae it by the cork. ‘The 

iron will burn with a most brilliant light, throwing out a 
number of sparks, which fall to the bottom of the bottle, and 

generally break it. This accident, however, may frequently 
be prevented by pouring sand into the bottle, so as to lie 

about half an inch deep on the bottom (see pl. iv. fig. 39). 

- According to Mr. Accum*, a thick piece of iron or steel, 

such as a file, if made sharp pointed, may be burnt in oxy- 

gen gas. A’small bit of wood is to be stuck upon its extre- 

mity, and set on fire, previously to immersion in the gas. 

(f) A little of Homberg’s pyrophorus, a substance to be 
hereafter described, when poured into a bottle full of this 
gas, immediately flashes like inflamed gunpowder. | 

III. During every combustion in oxygen gas, the gas suffers 
a considerable diminution.—To exhibit this, experimentally, 
in a manner perfectly free from all sources of error, would 
require such an apparatus as but few adepts in chemistry are 
likely to possess. The apparatus required for this purpose 
is described in the 6th chapter of Lavoisier’s Elements. The 
fact may, however, be shown, less accurately, in the follow- 
ing manner: Fill, with oxygen gas, a jar of moderate size, 
which has-a neck and ground-glass stopper at the top. 
Then, with the assistance of a stand, formed of bent iron 
- wire (pl. ii ii. fig. 25), place a shallow tin vessel, containing a 
: sifinitihrennen  n 

oan * Nicholson’s Journal, 8vo, i, 320. 
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bit of phosphorus. or sulphur, - three or four inches above the 
level of t the water ofa pneumatic trough. Invert the j jar of 
oxygen gas, ‘cautiously and expeditiously, over this CUP, SO. 
as to confine, it, with its, contents, in the gas, ‘and, pressing 
down the j 2 jar to the bottom of the trough, open. the stopper. 
A quantity of gas will immediately rush out, and the water, 
will rise to the same level within the jar as without. When 
this has taken place, s set fire to the sulphur or phosphorus 
by a heated i iron wire, and instantly put in the stopper. The 
first effect of the combustion will be a depression of the wa- 
ter within the j jar; but when the combustion has closed, and 
the vessel has cooled, a, considerable absorption will be found 
to have ensued. 

Those persons who are possessed of a mercurial appa- 
xatus may repeat this experiment in a less exceptionable 
manner. On the surface of the quicksilver let a small he- 
mispherical cup float, made of untinned sheet-iron ; and, in 
order te keep it from the sides of the jar, it may rest on a 
wire-stand, shaped like the figure 43, plateiv. Let a jar, 
the height and diameter of which must be regulated by the 
size of the mercurial trough, be filled with oxygen gas over 
water, and be removed, by means of a piece of pasteboard, as 
before described, to the mercurial bath, inverting it dexter- 
ously ¢ over the tin cup. If the phosphorus had heen previ- 
ously set on fire, a large quantity of the gas, expanded by 
the heat, would have escaped, and would have prevented the 
accurate measurement of the absorption. After drying the 
surface of the mercury within the } jar by blotting paper, a 
portion of the included gas must, therefore, be removed, — 
‘This is done by an inverted syphon, one leg of which i is to be 
introduced (in the same manner as is shown at fig. 41, g) 
within the jar before placing it over the mercury; ahd the 
gas will be forced through the open extremity of the other, 
when the jar is pressed down into the quicksilver. When 
the proper quantity has been expelled, remove the sy] hon. 
The cup, containing the phosphorus, will thus rest, on. the 
surface of the quicksilver within the j jar, and above the level 
of the mer cury without. _ _ The phosphorus i is to be inflamed 

e. 
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by passing a crooked iron wire, made red hot, through the 
quicksilver. On the first impression of the heat arising from 
its combustion, the included gas will be considerably ex- 
panded; but when the phosphorus has ceased to burn, a cons 
siderable absorption will be found to have taken place,. the 
amount of which may be measured by ascertaining the height 
of the quicksilver within the jar, before and after the expe- 
riment. The quantity of phosphorus employed should be 
very small, and should not bear a greater proportion than 
that of 10 grains to each pint of gas; otherwise the combus- 
tion will go on so far as to endanger the breaking of the jar, 
by the approach of the inflamed phosphorus. 

In this process, a white dense vapour is produced, which 
“condenses on the inner surface of the jar in solid flakes. 

This substance has strongly acid properties; and, being 
formed by the union of oxygen with phosphorus, is termed 
the phosphoric acid. 

The diminution of the volume of oxygen gas, by the com- 
bustion of other bodies, may be ascertained in a similar 
manner. When the substance employed is not easily set on 
fire, it is proper to enclose, along, and in contact with it, a 
small bit of phosphorus, the combustion of which excites 
sufficient heat to inflame iron-turnings, charcoal, &c. In 
the instance of charcoal, however, though that substance 
undergoes combustion, no absorption ensues; because, as will 
appear in the sequel, the product i Is a gas, occupying exactly 
the same bulk as the oxygen gas submitted to experiment. 

IV. Ald bodies, by combustion in ox ygen gas, acquire an ad- 
dition to their weight ; and the increase is in proportion to the 

quantity of gas absorbed, vix. about one third of a grain for 
every cubic inch of gas—To prove this by experiment, re- 
quires also a complicated apparatus. . “ 

But sufficient evidence of this fact may be obtained by the 
following very simple experiment. Fill the bowl of a tobacco 
pipe with iron wire coiled spirally, and of known weight : 
det the end of the pipe be slipped into a brass tube, which is 
screwed to a bladder filled with oxygen gas: heat the bowl 
of the pipe,.and its contents, to redness in the fire, and then 
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force through it a stream of oxygen gas from the bladder. 
The iron wire will burn; will be rapidly oxydized; and will 
be found, when weighed, to be considerably heavier than 
before. When ain bevel oxydized in this mode, 100 Fo 
of iron wire gain an addition of about 30. 

V. Every substance, capable of union with oxygen, afford 
by combustion, either an oxide, an acid, or an alkali.— When 
‘a body, by being burnt in oxygen gas, affords a compound, 
which has none “ef those qualities that characterize acids or 
‘alkalis, we denominate this product an oxide. Ifwe collect, 
for example, the iron wire, which was burned in the last ex- 
periment, we shall find that it has lost all its metallic quali 
ties, and has become a brittle, dark-coloured substance to- 
tally destitute of lustre and of taste, and termed.an oxide of 
tron. But iff instead of iron wire, we had burned a quantity 
of sulphur in oxygen gas, the result would have been that 
the water, which confined the gas, would have become acid 
or sour. Potassium on the contrary (one of the new metals 
discovered: by Sir H. Davy), would have yielded an alkali 
under the same circumstances. Hence the extensive class 
-of combustible bodies may be subdivided into three orders; _ 
Ist, those which afford oxides by combustion; 2dly, those 
whieh yield acids; and 3dly, those which give alkalis. Tn 
many instances, however, a body is capable of passing 
through the intermediate state of an oxide, before it is con- 
Jetted: either into an acid or an alkali. 

_ VI. Oxygen gas supports, eminently, animat life-—It wiil 
‘be found that ‘a mouse, bird, or other small animal, will live 
four or five times longer i in a vessel of oxygen gas, than i in 
one of atmospherical air of the same dimensions. 

VIL. This effect seems connected with the absorption of ; 
oxygen by the blood.—Pass up a little dark-coloured blood — 
into a jar partly filled with oxygen gas, and standing over 
mercury. ‘The gas will be in part absorbed, and the colour 

of the blood all be changed to a bright a and florid red. 

This change to red may be shown, by putting a little blood 
into a common vial filled with oxygen gas, and shaking iti in 
contact with the gush 
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SECTION I. © 
Nitrogen or Axotic Gas. 


Arrur separating, from any quantity of atmospherical 
air, all the oxygen which it contains, there remains a gas 
which was called by Lavoisier axotic gas, a name applied to 
it in consequence of its unfitness for supporting animal life ; 
and derived from the Greek privative a and {wi vita. This, 
however, as being merely a negative property, has since been 
deemed an improper foundation for its nomenclature; and. 
the term NiTROGEN gas has been substituted; because one 
of the most important properties of4ts base is, that by union 
with oxygen it composes nitric acid. By this appellation, 
therefore, I shall hereafter distinguish i it. 

I. Nitrogen gas may be procured, though not absolutely 
pure, yet sufficiently so for the purpose of exhibiting its 
general properties, in any of the following manners: 1. Mix 
equal weights of iron filings. and sulphur into a paste with 
water, and place the mixture, in a proper vessel, over water, 
supported on a stand: then invert over it, a jar full of - 
common air, and allow this to stand exposed to the mixture 
for a day or two. The air contained in the jar will gra- 
dually diminish, as will appear from the ascent of the water 
within the jar, till at last only about four 5ths of its original 
bulk will remain. ‘The vessel containing the iron and sul- 
phur must next be removed, by withdrawing it through the 
water ; and the remaining air may be ria the subject of 
experiment. 

2. A quicker process, for procuring nitrogen gas, consists 
in filling a bottle, about one 4th, with the softitibn of nitrous 
gas in liquid sulphate of’iron, or with liquid sulphuret of 
lime, and agitating it with the air which fills the rest of the 
bottle. During the agitation, the thumb must be firmly. 
placed over the mouth of the bottle; and, when removed, 
the mouth of the bottle must be immersed in a cup full of 
the same solution, which will supply the seme) of the ab- 
sorbed air, 
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3. Atmospheric air, also, in which phosphorus has burned 
out, affords, when time has been allowed for the condensa- | 
tion of the phosphoric acid, tolerably pure nitrogen gas. 

4, Azotic gas may be procured from the lean part of flesh 
" piéat (beef for example), which may be put into a gas bottle, 
along with very dilute nitric acid. By a heat of about 100° 
the gas is disengaged, and may be collected over water.’ Its 
sstidce hid been satisfactorily traced to the animal substance} 
no part of it proceeding from the nitric acid. 

II. Nitrogen gas has the following properties: 

1. It is not absorbed by water. | 

9. It is a little lighter than atmospheric air, 100 cubic — 
inches being found by Sir H. Davy to weigh 30.04 grains 
under a pressure of 30 inches, and at the temperature of 
55° Fahrenheit. At 60° Fahrenheit 100 inches weigh, 
therefore, 29.73 grains. According to Biot and Arajos, its 
specific gravity is 0.96913. 

8. It immediately extinguishes a lighted sini aiid al 
other burning substances. 

Even phosphorus, in a state of active inflammation, is in- 
stantly extinguished when immersed in nitrogen gas. This 
is best shown by placing the burning phosphorus in a tin 
eup, raised by a stand above the surface of the water, and 
apn inverting over it a jar filled with nitrogen gas. - 

. It is fatal to animals that are confined in it. 

‘ When mixed with pure oxygen gas, in the proportion 
of four parts to one of the latter, it composes a mixture re+ 
sembling atmospheric air in all its properties. Of this any 
one may be satisfied, by mixing four parts of azotic gas with - 
one of oxygen gas, and i immersing, in the mixture, a lighted 
ss The epee will burn as in iia ge stags air. 


Composition of Nurogen. 


‘That nitrogen is not an element, but itself a compound; 
has been long suspected, and various attempts have been 
made to discover its ingredients. Some of the facts, which 
have been supposed to throw light on its nature, I shall 
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geserve for the chapter on ammonia, because they will be 
better understood in connection with that subject. , 

Berzelius, from the combination of experiment with ihitch | 
theoreti¢al reasoning, has deduced, that nitrogen is com- 


‘pounded of « oxygen dnd an unknown base, i in the following 
propor tions* : 


Base ....44.32.0%. 2-79.64. 4 «««+100.00. 


> LEEDS 55.68.0465 -100.. wed” 5. a HDL 
100 179.64 295.51 


This base, it must be observed, however, is purely hypo- 
thetical; and, as it has never yet been exhibited in a separate 
state, we cannot at present know any thing of its properties. 
 Berzelius has proposed for it the name of nitricum. 

A series of experiments to prove the composition of nitro- 
gen by synthesis, has been published in the 4th volume of 
‘Dr. Thomson’s Annals, by Mr. Miers, of London. He 
attempted to deprive water of part of its oxygen by trans- 
mitting it, along with sulphuretted hydrogen; through an 
‘ignited copper tube; by which process he obtained a mix~ 
ture of oxygen and nitrogen gases; in proportions the same 
as those constituting atmospheric air. If no source of fal- 
lacy existed in the experiment, it would follow that nitrogen 
is composed of oxygen and hydrogen, with less oxygen than 
exists in water. But the experiments, though ingeniously 
devised, require the most careful repetition, before so im- 
portant a conclusion can be established; and there is reason 
to suspect, from the nature of the products, that atinos- 
pheric air must, by some means, have found its way ‘into the 
apparatus, It is remarkable, however, that the proportions 
of the elements of ammonia, deduced by Mr. Miers from 
his experiments, precisely agree with the hypothetical pro- 
‘portions assigned by Berzelius, viz. 55.6 oxygen and 44.4 
hydrogen per cent in weight. 


The experiments of Sit H: Davy}, directed to the 


* 2 Thomson’s Annals, 284. + Phil. Trans. 1810. 
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decomposition of nitrogen, on the presumption of its being 
an oxide, haye not been attended with any better success. 


Potassium was ignited, by intense Voltaic electricity, in. 


nitrogen gas; and the result was, that hydrogen appeared, 
and some nitrogen was found deficient. This, on first view, 
would lead to the suspicion, that nitrogen was decomposed. 
But, in subsequent experiments, in proportion as the po- 
tassium was more free from a coating of potash, which would. 
introduce water, so, in proportion, was less hydrogen evolved,. 


and less nitrogen found deficient. ‘The general tenor of ‘ 


these € enquiries, therefore, lends no strength to the ophniahe 


that nitrogen is a compound body. 
SECTION IV. 


Atmospheric Arr. 


Tue air of our atmosphere, -it. appears, front’ the facts 


_ stated in the preceding section, is a mixture, or possibly:a: 


combination, of two different gases, viz. oxygen gas-and 
azotic gas. ‘The former of these seems to be the only in-— 


~ gredient on which the effects of the air, as a chemical agent, 


depend. Hence combustible bodies: burn in. atmospheric 
air, only in consequence of the oxygen gas which it con-’ 
tains; and, when this is exhausted, air is no longer capable - 


of supporting combustion*.- Its analysis is most satisfac-- 


‘ torily demonstrated by the action of heated mercury, as 
explained by Lavoisier, in the third chapter of his Elements 


of Chemistry. By exposure, during 12 days, to mercury » 


heated in a retort, a given quantity of atmospheric air was’ 


found to be diminished in bulk, and to have lost its property 


of supporting combustion. The. mercury, also, had suffered: 
a considerable change ; a part of it was no longer a weer 3 


* Certain combustible bodies even cease to burn i in sencavhaiil air,’ 
long before its oxygenous portion is consumed, for.reasons that will here-. 


after be given. , 


a 
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fluid metal; but was changed into red scaley particles; and 
its weight was, also, increased. ‘These red particles were 
collected, and distilled in a retort; by which operation a 
_ quantity of oxygen gas was evolved, precisely equal in bulk 

to what the air had lost in the first part of the experiment. 
_ These results afford the most satisfactory evidence, that the 
air of our atmosphere is composed of two distinct fluids. 
The one is capable of yielding its base to mercury; and, 
_-when separate, is eminently adapted to the support of com- 
_ bustion and of animal life; the other is not absorbable by 
mercury, and is destitute of both those important qualities. | 

The details of this method of analyzing atmospheric air 
I omit on account of the extreme tediousness of the process, 
_ Sufficient evidence of its composition may be obtained, how- 
ever, tnuch more expeditiously, by the following experi- 

ments. 
I. Burm a little sulphur or phosphorus, in’ the manner 
described, sect. ii. substituting, for oxygen gas, common 
| atmospherical air. The combustion will, in this instance, 
be less vivid; will cease sooner; and the absorption, when 
_ the vessels have cooled, will be much less considerable than 
_ iy the former case. 

The phosphorus, however, will have absorbed the whole 
of the oxygen gas contained in the air submitted to experi- 
ment; and hence it may be employed for measuring the 
quantity of oxygen gas in a given bulk of atmospherical air, 
This may be accomplished, either by its slow or rapid com- 
bustion. Berthollet proposes* to expose a cylinder of phos- 
phorus, fastened to a glass rod, m a narrow glass vessel, 
graduated into equal parts, and standing full wo air over 
water. (See fig.24). The phosphorus finwiedilately begins 
to. act on the included air; and in six or eight hours its effect 
’ is completed. The residuary azotic gas has its talk enlarged 
about one 40th, by absorbing a little phosphorus; and, for 
_ this, allowance must be made in measuring the diminution. 
In the eudiometer of Seguin, the rapid combustion of 


* Annales de Chimie, xxxiv. 78. 
VOL. I. ai. i 
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phosphorus is employed with the same view. A glass tube, 
open at one end only, about an inch in diameter, and eight 
or ten high, is filled with, and inverted in, mercury. Asmall 
bit of phosphorus, dried with blotting paper, is then intro- 
duced, and, by its inferior specific gravity, rises to the top 
of the tube, where it is melted, by bringing a red-hot poker 
near to the outer surface of the glass. When the phosphorus 
is liquefied, a measured portion of the air to be examined is 
admitted, by a little at once, into the tube. The phosphorus 
inflames at each addition, and the mercury rises. When all 
the air under examination has been added, the red-hot 
poker is again applied to ensure the completion of the 
process, and the residuary gas is transferred into a graduated 
measure, where its bulk is carefully ascertained. In this 
instance, about one 40th the volume of the residuary gas is 
to be deducted from the apparent quantity of azotic gas,-be- 
cause, in this case also, a small portion of phosphorus is 
dissolved by the latter, and occasions a trifling expansion, 
With this deduction, atmospheric air loses pretty accurately — 
21 parts out of each 100; and contains, therefore, 21 per 
cent. of oxygen, and 79 of azote by measure*. - And it is 
remarkable, that no appreciable difference exists between 
the proportions of oxygen and azote in the atmospheres of 
distant places; from which it appears, that the purity and 
salubrity of air depend on some other circumstances than 
the proportion of these its chief elements. | 

IJ. The inferior fitness of atmospherical air, to that of 
oxygen gas, for supporting combustion, may be shown, also, 
by a comparative experiment with two candles. Provide a 
circular piece of lead, three inches diameter, and halfan 
inch thick, from the centre of which proceeds a perpendi- 
cular iron wire, six or eight inches high; to the end of this 
wire fasten a piece of wax taper. Set the candle, supported — 
by its stand, on the shelf ofa pneumatic cistern ;/ and. Places 


* Various other methods of analyzing saiiecirealag a will be de- 
scribed in the course of the work, .. References to them. may be,found.ia 
the Index, avis Eudiometer. . 
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also, the conducting pipe from the bladder (e, fig. 41), in 
the position shown by the figure; the cock d, however, 
being shut. Then, having the syphon gin the inverted 
position shown in the plate, sink the whole apparatus into 
the water. Part of theair in the jar a will escape through 
the syphon, and will be replaced by water. When we have 
left, in the jar, the proper quantity of air, the syphon must 
be removed, and the jar returned to its place. . The level of 
the water will now be considerably higher within than with- 
out the receiver; and its height must be noted. On passing 
a succession of electrical sparks from the conducting wire 
to the bent pipe, and. opening the cock d from the bladder 
filled with hydrogen gas, we shall have a small flame, which 
is to be extinguished as soon as, by its means, we have 
lighted the candle. The candle may be suffered to burn till 
it is extinguished ; and the duration of its burning, and the 
diminution it occasions in the air, are to be noted. When 
the combustion is repeated in the same manner, but with 
_the substitution of oxygen gas, it will be found to last con- 

siderably longer, and the diminution of volume in the gas 
will be much greater. 

The same fact may be demonstrated, but less accurately, 
by a simple apparatus. Provide two jars, each two inches 
diameter, and 12 inches long, and each having a neck at 
the top with a compressed bladder tied upon it. Fill one 
of the jars, leaving the bladder empty, with oxygen gas; 
and, at the same tuetants with the aid ofan assistant, invert > 
both jars over the burning candles, keeping the oxygen gas 
in its place till the jar’is inverted, by a piece of pasteboard. 
In the common air, the candle will soon be extinguished ; 
but that confined in oxygen gas will burn with much greater 
splendour, and will continue burning long after the other is 
extinguished. On the first impression of the flame, a quan- 
tity of expanded gas will rise into each bladder, which is to 
be pressed out at the close of the experiment, in order that 
the absorption may be compared in both cases. The dimi- 
' nution in the jar of oxygen gas will be found greatly te 
exceed that of the common air. 

LZ 
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Ilf. Take two tubes, each a few inches long, closed at 
one end, and divided into 100 aliquot. parts. Fill the one . 
with atmospherical air, the other with oxygen gas, and in- 
vert them in two separate cups filled with a solution of sul- 
phuret of potash. The sulphuret will ascend ‘gradually 
within the tube of common air, till; after a few days, only 
about four 5ths of its original volume will remain; but, in 
that containing oxygen, it will ascend much higher, and, if 
the gas be pure, will even absorb the whole. 

The explanation of this fact is, that liquid sulphuret of 
potash has the property of absorbing oxygen, but not ni- 
trogen. It therefore acts on wtinosphere air only as long as 
any oxygen gas remains, and may be employed as @ Means 
of ascertaining the quantity of this gas in the atmosphere 
at different times, and in distant places. An improved in- 
strument*, thus graduated, has lately been employed by 
Guyton as an Eudiometer+. But an apparatus, of much 
‘greater simplicity, and facility of application, is that of 
Professor Hope of Edinburgh, announced in Nicholson’s 
Journal, 8vo. iv.210. It consists of a small bottle, of the 
capacity of 20 or 24 drachms (fig. 20, pl.ii.), destined to 
contain the eudiometric liquid, and having a small stopper 
at 4. Into theneck of the bottle a tube is accurately fitted, 
by grinding, which holds precisely-a cubic inch, and is di- 
vided into 100 equal parts. ‘To use the apparatus, the 
bottle is first filled with the liquid employed, which is best 
prepared by boiling a mixture of quicklime and sulphur 
with water, filtesing the solution, and agitating it for some 
time in a bottle half filled with common air. The tube, — 
filled with the gas under examination (or with atmospheri~ 
cal-air, when the quality of this compound is to be ascer- 
tained), is next to be put into its place; and, on inverting 
the instrument, the gas ascends into the bottle, where it is - 
, brought pany # into contact with the mig eee by brisk 


-* See Nicholson’s Philosophical Journal, 4to. vol. i, page 268; rp OF 
Tilloch’s Philosophical Magazine, vol. iii. page 171. 
+ Other eudiometers will be deserbed hereafter. 
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agitation. An absorption ensues; and,’ to supply its place, 
‘the stopper J is opened under water, a quantity of which 
rushes into the bottle, The stopper is replaced under 
water; the agitation renewed ; and these operations are per- 
formed alternately, till no farther diminution takes place. 
The tube a is then withdrawn, the neck of the bottle being 
under water, and is held inverted in water for a few mi- 
nutes; at the close of which the diminution will be appa- 
rent. Its amount may be measured by the graduated scale 
engraved on the tube. 

To the eudiometer of Dr. Hope there are, however, a few 
objections. If the tube a and the stopper J are not both 
very accurately ground, air is apt to make its way into the 
instrument, to supply the partial vacuum, occasioned by 
the absorption of oxygen gas. This absorption, also, oc- 
casions a: diminished pressure within the bottle; and, con- 
sequently, towards the close of each agitation, the absorp- 
tion goes on very slowly. Besides, the eudiometric liquid 
is constantly becoming more dilute by the admission of 
water through 0. To obviate all these difficulties, I have 
substituted Sie the glass bottle, one of elastic gum, as shown 
by fig. 21, 0. The tube a is accurately ¢g ground into a short 
piece of very strong tube of wider bore, as shown at c, the 
outer surface of which is made rough by grinding, and 
shaped as represented, that it may more effectually retain 
the neck of the elastic bottle when fixed by a string. » This 
instrument is used, in every respect, in-the same way as 
Dr. Hope’s. ‘The only difficulty is, in returning the whole 
of the residuary gas into the tube; but the art of doing 
this will be acquired by practice. 

An ingenious modification of the padiomecee which ena- 
_ bles us to measure an absorption: of only +;,th part of the 
gas employed, is deseribed by Mr. Pepys, in the Philoso- 
phical Transactions for 1807, or Philosophical mes 
vol, xxix. 

IV. Atmospheric air supports cael life, only i conse- 
quence of the oxygen gas which it contains.—Air, after having 
been received into the lungs, and again expired, is found to 
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have lost considerably of its oxygenous part, viz. 10 to 12 
per cent. It proves fatal to animals, however, long before 
this purer portion is wholly exhausted; and hence it ap-. 
pears, that a considerable portion of oxygen gas is even 
necessary to fit the air for supporting respiration. As the 
analysis of expired air requires an acquaintance with another 
gas, not hitherto described, viz. carbonic acid, its exami- 
nation will be postponed to a future occasion. 

 V. Atmospheric air is diminished in valume by animal res- 
piration—This may be shown by repeating a very simple 
experiment, originally contrived by Mayow. He confined 
a mouse in a small glass jar, and tied the jar over, quickly 
and firmly, with moistened bladder. The heat of the ani- 
mal first expanded the air, and rendered the bladder con- 
vex outwards; but when the animal after death had become 
cold, the bladder exhibited a hollow surface, proving that 
the air within was diminished in its bulk. | 

_ The exact amount of the diminution may be shown, by 
confining a mouse, over water, in a graduated jar, furnished 
with a stop-cock, and containing common aiz, As the heat 
of the animal, however, would occasion the expulsion of 
part of the air, it is expedient, on first depressing the jar 
into water, to open the-cock, through which a part of the ° 
air will escape: the cock is then to be shut, and the height 
of the water within to be accurately noted. At first, the 
level will be depressed, in consequence of the expansion of 
the air by the warmth of the animal; but, after its death, 
a considerable diminution will be observed. 

VI. The wéight of 100 cubic inches of atmospheric air, 
at 60° Fahrenheit and 30 inches barometer, is said by Mr. 
Kirwan. to be 30.92 grains. Sir H. Davy states it, when 
under the same pressure, but at 55° Fahrenheit, to be 31.10 
grains, from which may be deduced that, with the temper- 
ature and pressure assumed by Mr. Kirwan, 100 inches — 
would weigh 30.78 grains. Under the same circumstances, 
‘Sir George Shuckburgh’s experiments fix its weight at 
30.5 grains; and this is probably the most correct deter- 
mination, 
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SECTION V. 
Hydrogen Gas. 


’ TE most simple form, in which HyDROGEN has hitherto 
been obtained, is in that of a gas, or of union with caloric, 
and perhaps with electricity and light. From this combina- 
tion we are not able to separate it, except by availing our- 
selves of the affinity of some other substance, in which 


case the hydrogen separates from the caloric, and forms, ~ 


with the body, which has been added, a new combination. 
Of its nature, we know but little; but as it has not yet been 
resolved into any more simple state, it is still arranged 
among elementary bodies. From the recent experiments of 
Sir H. Davy (which will be described under the article am- 
monia), it appears not improbable that hydrogen is a me- 
tallic body. 

The most important compound of hydrogen, atid the 
only one which will be noticed at present, is that which it 
affords by union with the base of oxygen gas. Itis on its 
affinity for this base that all the properties depend, which 
are illustrated by the following experiments. Much of the 
force of this attraction, it will appear probable from the 

sequel, depends on its being in a state of opposite electri- 
“city to oxygen ; for in common with all inflammable sub- 
stances it is naturally in a state of positive electricity. 

I. To procure hydrogen gas, let sulphuric acid, previously 
diluted with five or six times its weight of water, be poured 
on iron filings; or on small iron cull ; or (what is still 
better) pour sulphuric acid, diluted with eight parts of 
water, on zinc*, granulated by pouring it melted into cold 
‘water, and contained in a gas bottle or small retort. An 
effervescence will ensue, and the escaping gas may be col- 
lected in the usual manner. 


- 


' * Zine may be purchased at the brass-founders or copper-smiths, 
under the.name of speltre. 
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II. This gas has the following properties: 

1. It remains permanent over water, or is not absorbed i in 
any notable proportion. 

2. It is inflammable, This may be shown by the follow- 
ing experiments : 

(a): Fill 2 small jar with the gas, and, holding it with the 
mouth downwards, bring the gas into contact: with the: 
flame of acandle. The air will take fire, and will burn si-. 
lently with a lambent flame. 

_ (b) Fill with this gas a bladder which is furnished seis: a 
stop- cock, and with a small pipe, of diameter less than that. 
of a common tobacco pipe, Press the air out through the | 
pipe, and, on presenting a lighted candle, the stream will 
take fire. If this apparatus cannot be procured, a very 
simple contrivance will answer the purpose: break off part. 
of an eight-ounce vial, within an inch or two from the. 
_.- bottom, by setting fire to a string tied round it, and mois= 
tened with Eitan turpentine. ‘The vial will then resemble 
a jar with an open neck at the top. Next’bore.a small 
hole through acork that fits the neck of the yial, and iny 
sert in it part of a common tobacco pipe, which nay be 
fixed into the neck of the bottle, by a cement of resin and 
bees-wax. Then fill the bottle with water, and hold it, 
with the thumb pressed down. on the aperture of the pipe, 
_while hydrogen gas is passed into it. When the bottle is 
full of gas, remoye the thumb, press the bottle down into — 
the water, and, on the approach of a candle, the stream of 
air from the pipe will take fir e, 

Persons, who are provided with the j jars represented pl. ii, 
fig, 22, a, may screw to the cock a brass pipe with a small 
aperture. On pressing the jar, filled with hy drogen gas, 
into the water, and opening the cock, the gas 1 will be for ced 
"out in a stream, which may be set on fire. On this prin- 
ciple are founded the artificial fireworks without smell or 
smoke. ‘They consist of pipes, having variously sized aper-. 
tures, some of which have a rotatory motion: but their pre-. 
cise construction it is, impossible to desoribe,: without se 
tedions details, 

4 


SECT. ¥. | HYDROGEN Gas. 153. 


(ce) In a strong bottle, capable of. holding: about four 
éunces of water, mix equal parts of common air and hy- 
drogen gas. On applying a lighted candle, the mixture will 
burn, not silently, as in experiment (a), but with a sudden 
and loud explosion. Ifa larger bottle be used, it should be 
wrapped round with a handkerchief, to prevent the glass 
from doing any injury, in case the bottle should be burst *. 

(a) The same experiment may be repeated with oxygen 
_ gas, instead of atmospherical air; changing the proportions, 
and mixing only one part of oxygen gas with two of hy- 
drogen. The report will be considerably louder. The bottle 
should be a very strong one, and should be wr ate round 
with cloth, to prevent an accident. 

_{¢) The same experiment may’ be made over water, by 
means of the electric spark. Procure a strong tube, about 
three quarters of an inch diameter, and 12 inches long, 
closed at one end (plate ii. fig.28). About a quarter or 
half an inch from the ented: end, let two small holes be 
drilled, opposite to each other, and into each of these let 
a brass conductor be cemented, so that the two points may 
be distant from’ each other, within the tube, about one 8th 
of aninch. An apparatus, serving the same purpose, and. 
much more easily constructed, may be formed by herme- 
tically sealing a piece of brass wire, or still better platina. 
wire, into the end of a glass tube (fig. 29). With this con- 
ductor, an interrupted circuit may be formed, by intro- 
ducing into the tube a longer wire, one end of which ter- 
minates one 10th of an inch from the upper one, while 
the other extends beyond the aperture of the tube. (See 
fig. 84.) Into this tube, standing over water, pass about 
half a cubic inch of a mixture of hydrogen and oxygen 
gases; in the propprtion of two measures of the former to 
one of the latter.. Hold the tube firmly, and pass an elec- 
tric spark through the mixed gases. For relieving the 
shock, which is sometimes considerable on firing, an inge- 


: * 'Fhese experiments may also be made advantageously, by means of 
£0 apparatys sold under the name of the inflammable air-pistol, 
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-nious contrivance of Sir H. Davy may be employed. It 
is described in the Philosophical Magazine, xxxi. 3. An’ 
immediate explosion will take place; after which the gases, 
if pure, and in the proper proportion, will be found to have 
disappeared, entirely. ' 
‘It has been ascertained by the recent experiments of 
Grotthuss, thata mixture of two measures of hydrogen gas 
with one of oxygen, cannot be inflamed by the electric spark, 
when expanded to 16 times its volume by diminished pres- 
sure; nor, when dilated by heat to only six times its volume. — 
In the latter case, even a lighted taper does not kindle the » 
mixture; but water is Hee is by a continued succes- 
sion of electric sparks *, 
“It is rarely, however, that the gases can be used in such 
a state of purity as to leave absolutely no residuum. To de- 
termine, indeed, the purity either of the oxygen or hydro- 
gen gas employed, it is sometimes necessary so to adjust 
their proportions, that the whole mixture may not be con- 
densed by firing. If, for example, we wish fo know the 
» purity of a quantity of oxygen gas, we are to use about 
three times its bulk of hydrogen. Let us suppose that 100 
measures of oxygen are detonated with 300 of hydrogen 
gas, and that the total 400 is reduced by firing to 130; the 
diminution of volume will be 270. This number, divided 
by three, gives 90 for the quantity of oxygen; that is, the 
oxygen employed must have contained 10 -per cent. of ni-- 
trogen, or of some foreign gas not condensible by hydrogen. 
If atmospherical air be employed, a diminution, though 
not equal in amount, will be produced by the union of the’ 
hydrogen with the oxygen g eas contained in the air; and if. 
a sufficient quantity of hydrogen gas be employed, the: 
whole of the: atmospheric oxygen rill ute’ be aemenek | 
On this principle is founded the Evpiometer oF VOLTA,’ 
which may be constructed, by graduating either of the tubes 
already described, into equal parts. If, in one of these: 
tubes, we mix 300 parts of common air, and 200 of pure” 


*-82 An. de Chimie, 87, = * ae 
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hydrogen gas, there will remain, after the explosion excited 
_ by passing an electric spark between the two wires, about 
305 measures. There will, therefore, have been a diminu- 
tion of 195 measures, of which. pretty exactly one $d may 
be estimated to be pure oxygen. In this instance, there~ 
fore, 65 of oxygen have been lost by 300 of air, or 21 and 
a fraction per cent. 

The general rule for Facaviatng the purity of air by hy- 
drogen gas, may be stated as follows: Add to three mea- 
sures of the air under examination, two measures of pure 
hydrogen gas; inflame the mixture by electricity; observe 
the diminution when the vessel has cooled ; and, dividing its 
amount by three, we obtain pretty nearly the quantity of 
oxygen gas which has been condensed. 

In the reverse process, i. ex in determining the purity of 
hydrogen gas, we mix it with more oxygen gas than is re- 
quired for saturation. Suppose that to 100 of hydrogen 
gas we add 100 of oxygen, and that 80 measures remain 
after detonation. The diminution will have been 120 mea- 
sures; and, of these, two 3ds or 80 measures are hydro- 
gen. Hence the inflammable gas, under examination, must 
contain 20 per cent. of some other gas, which is most pro- 
bably nitrogen. In this way, we determine the propor- 
tions of hydrogen and nitrogen in any mixture composed 
of the two gases only. 

(f) The diminution of hydrogen and oxygen gases, by 
the union of their bases, may be shown also by their slow 
combustion. Frill a tall jar with oxygen gas, and fill also, 
with hydrogen gas, a bladder furnished with a stop-cock, 
and with a long brass pipe bent like the letter S, and drawn 
out to a fine point (plate iv. fig. 41). On pressing the blad- 
der, a stream of gas will issue from the pipe, which may 
be set on fire, and brought cautiously under the tall in- 
verted jar of oxygen gas. By this contrivance, the stream 
of hydrogen gas will be burnt in a confined portion of oxy- 
gen gas; and, on contil™ing the combustion a sufficient 
length of time, the water will be seen to rise gradually 
within the jar. On the first impression of the heat, indeed, 
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a quantity cf: gas will escape from the jar, which will render 
it difficult to ascertain what degree of absorption has actu- 
ally taken place. But this loss may be prevented, by using 
a jar with a neck at the top, to which a compressed bladder 
is firmly tied. The expanded air, instead of escaping 
through the eaten will now fill the bladder at the top; and, 
when the experiment has closed, and the vessels have cooled, 
it may be ascertained, by pressing out the gas from the blad- 
der, what quantity of oxygen gas has been consumed. 

The same experiment may be more accurately and ele~ 
gantly made, with the assistance of an apparatus, which I 
have described in the Philosophical Transactions for 1808. 
‘The description cannot be understood without the plate, 
which is there given, and which has been copied into the 
Philosophical Magazine, vol.xxxii, and Nicholson’s Jour- 
nal, vol. xxi. The fact may, also, be shown by substituting, 
for the bladder (e, fig. 41), a small gazometer, containing a 
measured quantity of hydrogen gas, Let the bent pipe be 
screwed on the cock of the gazometer; and over its open 
end, placed perpendicularly, invert a jar of oxygen gas. 
This jar must be provided at the top with a metallic con- 
ductor, screwed into a brass cap, as represented in fig. ike 
which shows also the level of the water within the jar, at-. 
tained by means of asyphon. After noting the height of 
the water within, let a rapid succession of electric sparks 
be passed between the two conductors; and, on opening 
the cock at this instant, the stream of oxygen gas will be 
inflamed. The end of the pipe must then be so far de- 
pressed, that the cement of the brass cap may not be melted 
by the flame ; and the outer surface of the top of the vessel 
should be kept cool. When the gas is first lighted, the 
oxygen gas will be suddenly expanded; but, presently, a 
rapid diminution will go on, till the water rises above the 
end of the pipe and cath iiahiek the flame. If pure oxy- 

gen gas be employed, it au be found, after the experiment, - 
Heeduret a in its quality, and wi port the combustion of 
burning bodies as well as before.» : 

When the above experiment is made, with the substitu: 
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tion of common air for oxygen gas, a diminution takes place, | 
but much less considerable, viz. not amounting to one 6th 
of the original bulk of the gas. . 

(g) W bh a stream of hydrogen gas is burned under a 
tube, 18 or 24 inches long, a musical sound is produced, 
The experiment may be tate in the following manner : 

Into a glass bottle are put iron filings and sulphuric acid, 
diluted wae five or six parts of water ; and a cork is fitted 
into the neck, through which a glass tube is passed, having © 
its upper extremity drawn out to a capillary bore. By 
. Setting fire to the hydrogen gas*, which escapes from this 
extremity, a continued current or jet of flame is produced, 
which is allowed to pagg, into a tube either of glass, earthen- 
ware, or metal. If the tube be not too large, the flame 
becomes snialler as it is depressed ; and when the tube covers 
| the flame to a consideralile depth, very clear sounds aie pro- 
duced. But, on the contrary, if the tube be too narrow, 
_ the flame will be extinguished; and, in proportion as the 
tube is enlarged, the sound diminishes: so that there is a 
certain limit at which it totally-ceases. ‘The same happens 
' when the tube is too long. The sounds may be raised at | 
pleasure, by either using tubes of various figures or dimen- 
sions, or made of different substances +. 

(h) In a memoir lately read to the National Institute of. 
France, M. Biot announces the important fact, that a mix 
ture of hydrogen and oxygen gases may be made to efplode 
by mechanical compression. A mixture of these two gases 
was introduced into a strong ins syringe, furnished 
with a glass bottom, and a sudden st#@ke given to the piston. 
An extremely brilliant light appeared, accompanied with a 
loud detonation; and the glass bottom was forcibly driven 


_* The gas must not be inflamed, till it has been produced for some 
time, and has expelled all the common air of the bottle; otherwise an, 
explosion will happen, and the bottle will be burst, with some daager 
to the operator. 7 


+ See Nicholson’s Journal, ie i. Ae a iv; 23, | 
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out. The repetition of this experiment, it is obvious, must 
be attended with considerable difficulty and danger *. | 

The combustion of hydrogen and oxygen gases is success- 
fully applied to the purpose of exciting an intense heat by . 
the blow-pipe. ‘The peculiar construction of the apparatus 
cannot be understood without a plate, which may be seen in 
the Annales de Chimie, tom. xly. or in the 14th volume of 
the Philosophical Magazine. It may be sufficient here to 
_ state, that the gases are contained each in a separate gas- 
holder; that they are expelled by the pressure of a column 
of water obtained by lengthening the pipe J, fig 36; and 
that their mixture does not take place, till they nearly 
_ reach the aperture of the pipe, at: ee extremity of which 

they are inflamed. This last precatition is of considerable 
importance, because a violent and dangerous explosion 
would otherwise happen. To ggrd*the more effectually 
against this accident, it is advisa ate to affix a valve, opening 
outwards, in the pipe proceeding from each gPe holden sh | 
before the junction of the two. | 
_ 8. Hydrogen gas has an unpleasant smell. 
. 4. Though inflammable itself, it extinguishes burning bodies. 
— Bring an inverted jar, filled with this gas, over the flame 
_ ofa candle; and suddenly depress the jar, so that the lighted ~ 

wick may be’ wholly surrounded by the eee The baudle 
will immediately be extinguished. | 

5. &t is fatal to animals.—This may be shown by confine 
ing, in the gas, a mouse, or other small animal. 

6. It 1s considerably lighter than atmospherical air-—One - 
hundred cubic inches#the barometer being 30 inches, and 
the thermometer 60°, weigh, according to Kirwan, 2.613 
grains; according to Lavoisier, 2.372 grains; and accord- 
ing to Fourcroy, Vauquelin, and Seguin, 2.75 grains, The 
‘recent determination of Sir H. Davy +is, that 100 cubic 
inches at 30.5 barometer, and ,51° Fahrenheit, weigh 2.27 


lel 


* See Nicholson’s af ournal, X11, 212, 


t "ee rans, 1810. 
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grains: Messrs. Biot. and Arajo assign to it the specific 
gravity of 0.07321. 

_(a) Let a jar, filled with this gas, stand, for a fog scombiE 

with its open mouth upwards. On letting down a ante 
the gas will now be found to have escaped. 
_ (b) Place another jar of the gas inverted, or with its mouth 
downwards. The gas will now be found to remain a short 
time in the jar, being prevented from escaping payards by 
the bottom and sides of the vessel. 

(c) Fill, with hydrogen gas, a bladder furnished with.a 

stop-cock ; and adapt to this a common tobacco pipe. _ Dip 
the bowl of the pipe into a lather of soap, and, turning the 
cock, blow up the lather into bubbles. ‘These bubbles, in- 
‘stead of falling to the ground, like those commonly blown 
by children, will rise rapidly into the air. On this pro- 
perty of hydrogen Bas. j . is ciara its application to the 
raising of balloons. | We. 

(d) The experiment = By be il by filling the bladder 

with a mixture of two parts of hydrogen gas and one of 
oxygen gas. Bubbles, blown with this mixture, take fire 
on the approach of a lighted candle, and detonate with a 
loud report. It is proper, however, not to set them on fire, 
till they are completely detached from the bowl of the 
pipe; otherwise the contents of the bladder will be exploded, 
with considerable danger to the operator. 

In this place a property of hydrogen gas may be described, 
which it possesses in common with all other aériform bodies, 
viz. a tendency to diffusion through any other elastic fluid, 
with which it may be brought into’contact. Common or 
inelastic fluids are capable of remaining in contact with each 
other for a long time without achaixtane, Thus if we half 
fill a wine glass with spirit of wine tinged with any colour- 
ing ingredient, and then, by means of the dropping tube, 
fig. 15, introduce under it a quantity of water, the spirit 
floats on the water, and the two surfaces remain perfectly 
distinct, provided we carefully avoid agitation or unequal 
changes of temperature. But this is not the case with 
elastic fluids or gases, which, it has been discovered by 
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Mr. Dalton*, penetrate each other, and become thoroughly 
mixed under all circumstances. The fact, with respect to 
_ hydrogen and oxygen gases, may be proved by avery simple 
apparatus. 
Provide two glass vials, each of the capacity of about an 
ounce measure, and also 4 tube open at both ends, 10 inches 
Jong and one20th inch bore. At each end, the tube is to be 
passed through a perforated cork, adapted to the necks of 
the vials. Fill one of the bottles with hydrogen gas, and 
the other with oxygen gas; place the latter on a table with 
its mouth upwards, and into this insert the tube secured by 
its cork. Then, holding the hydrogen bottle with its mouth 
downwards, fit it upon the cork at the top of the tube. The 
two bottles, thus connected, are to be suffered to remain in 
this perpendicular position. After standing two or three 

hours, separate the vials, and apply a lighted taper to their 

mouths, when it will almost cer ainly occasion an explosion 
ineach. The hydrogen gas, though nearly 14 times lighter | 
than the oxygen, must, ther bre have descended through 
the tube from the upper into the lower vial; and the oxygen 
gas, contrary to what might have been expected from its 
greater weight, must hve ascended through the tube, and 
displaced the lighter hydrogen. 

Experiments of this kind, it has been shown by Mr. 
Dalton, may be extended to all the other gases; but to prove 
the effect, tests of a different kind are necessary, which re- 
' quire a previous knowledge of the properties of these gases. 
They tend to establish thre conclusion, that a hghter elastic 
Jluid cannot remain upon a heavier without athe 


An 
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CHAPTER Vi. 
oF THE COMPOSITION, DECOMPOSITION, . AND prorkiriés 
OF ‘WATER. 


SECTION I, 


Synthesis, or Composition,” of Water. 


In chap. v. sect. v. it was stated, that oxygen and hydrogen 
gases, when fired over water, in the proper proportion, 
wholly disappear. -To ascertain the nature of the product — 
thus formed, however,.the experiment must be repeated 
Over mercury, in a similar manner, by means of the deto- 
nating tube (pl. ii. fig. 28). . When this is done repeatedly, 
it is found that the product of the combustion is that well 
known fluid, ‘water, which is. thus proved to be composed 
of two elementary ingredients. The water, produced in 
this mode, is not, however, to be considered as a compound — 
of the two gases, but only of their bases; for the light and 
caloric, which constituted the gases, escape, in considerable 
part, during the combustion. Every gas, it must be re- 
membered, has at least two ingredients; the one, gravi-+ 
tating matter, which, if separate, would. probably exist in 
a solid or liquid form ; the other, an extreinely subtile fluid, 
termed caloric. In the example before us, caloric (and 
perhaps electricity and light) is a common ingredient both 
of hydrogen and oxygen gases; but the two differ in having 
different bases. The basis of the one is called hydrogen, 
of the other oxygen; and water may, therefore, be affirmed 
to be a compound, not of hydrogen and oxygen gases, but 
of hydrogen and oxygen. This may be proved in two 
modes, by synthesis, i.e. by joining together its two ele- 
mentary ingredients; a a by analysis, 3 in other words, by se- 
VOL. I. M 
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parating the constituent parts of water, and again exhibit- 
ing them in a distinct form, 

I. Fill, with hydrogen gas, a bladder, furnished with a 
stop-cock and bent pipe (fig. 41, 4); as in the last chapter. 
Then pour into a shallow earthen dish as much quicksilver 
as will about half: ‘fill it, and invert over this a glass bell, 
full of common air and perfectly dry. Expel the hydrogen 
gas through the pipes light the stream, and bring it under 
the glass bell, by raising this, and depr essing it into the mer- 
cury, as soon as the inflamed, gas is introduced. A portion 
of air will escape, at first, 1 in consequence of the rarefaction. 
As the combustion continues, water. will form, and will 
condense on the sides of the glass. This water is produced 
by the union of hydrogen with the: oxygen hes In 
Lala ail & air. 

“HH. Those persons who are not porkessed of a wc theiiee 
quantity of quicksilver to repeat the above experiment, may 
substitute the following :: procure a lar ge glass globe, capable 
of holding three or four quarts, and having two openings, 
epposite to each other, which may ‘be drawn out for-a short 
distance, ' like the neck of a retort. Inflamie the stream of 
hydrogen gas, and‘ introduce it into the centre of the globe. 
The rarefied and vitiated air will’ ascend through the: aper- 
ture of the globe, ‘and 2 constant supply of fresh. air will 
be furnished from beneath. “By this combustion, a quantity 
of water will be: génerated, which will be condensed on the 
inner surface of the' vessel, 

“TH. A simple.and ingenious’ epparadaic less aly than 
any other, intended for the purpose of exhibiting the com= 
position of water, is made by Mr. Cuthbertson of London: 
‘Ft is described and figured i in Nicholson’s Journal, 4to. vol. ii, 

p. 235; or in the Philosophical:Magazine, vol. ii. p- 317 5 
and also.in plate iv. of this work, fig. 33 and $4. ; 

“In using this apparatus, ” however, instead of two glass: 


¥ * In, the. same. volume of. the ; Philosophical “Magazine, 2 an n interesting 
aceount may be consulted of the, principal experiments on the compo- 
sition of water, ‘accompanied byt neat and bes ae eet eb of 
the apparatus baja iy them, ge y 

wt 6 1 4e¥ 
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Trecsivele for the oxygen and: hydrogen gases, standing in= 
verted in a’ trough of water, I employ a couple of gazo- 
meters; and with this alteration, the experiment is moré 
easily manawed, as well as more striking. The apparatus, 
thus modified, consists of a large glass receiver or bottle a 
(pl. iv. fig. $4), with an opening at the bottom, into which 
is cemented a piece of brass, perforated with two holes. 
‘This-brass piece is represented of a larger size in fig. 33; 
the aperture a conveying the oxygen gas, and L the hydro. 
gen. Before commrencing the experiment, the cock é, fig. 34, 
is screwed, by means of a collar-joint *, to the dick b of 
the gazometer, fig. 35, containing oxygen gas; and to the 
cock d, by the same means, is aifixed another Sie aed 
filled with hydrogen gas. 

When it is intended to ascertain, decitli sy, the pro-« 
portions of gases consumed and of water gerterated, the re- 
ceiver a, previously weighed, is first exhausted by ani air- 
pump, with which it may be connected by the female screw 
atc, The quantity of common air left in the receiver may 
be determined, by enclosing“a gage within it. If the ad- 
ditional expense be not deemed an objection, it is advisable, 
that after exhatisting the receiver, oxygen gas should be 
admitted 5” its contents be exhaisted a gdcdad time; and - 
again rerlewed by fresh oxygen from the gazometer, thé 
quantity of which may be observed by the graduated scale: 
The receiver being thus filled with oxygen gas, and accu- 
rately closed by a cock at c, a succession of sparks is to bé 
passed, from the prime conductor of an electrical machine, 
between the platina knob of the bent wire within the re- 
ceiver, and the point of the brass cone. While the sparks 
are transmitted, the cock d is to be opened. A stream of 
hydrogen’ gas ail immediately isste from the aperturé at 
the point of the’ cone, and will be inflamed by the electric 
spark, as represénted fig. 33. The cock e is now to be 
opened, and: the size of the flame of hydrogen g gas modes 


1, See, =! v. ‘fig. 47; and the i es description of the struc- 
tinre of this Peer in the explanation of the plates at the end of the 
work 
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rated by partly shutting the cock d... As the volume of 
hydrogen. gas consumed is double that of the oxygen; and 
the pipe, which transmits it, is of less diameter than that 
conveying the latter, about twice the pressure is required 
to expel the hydrogen. This is given, by lessening, in 
that proportion, the weight of the counterpcises (ee, fig. 35) 
of the gazometer containing hydrogen. 

During the combustion, the moveable vessel c, fig. 35, of 
each gazometer descends; and, by observing the graduated. 
scales, it will be seen that the hydrogen vessel falls twice as 
quick as that which holds. the oxygen gas. It is necessary 
to keep the receiver a cool by means of wet cloths; and; 
when this is done, the water, which is produced, will form 
into drops on the inside of the receiver, and collect at the 
bottom. At the conclusion of the experiment, the receiver 
is to be again weighed, and the increase noted. ‘The quan- 
tity of gases consumed is to be observed, and their actual 
weight computed, by means of the table given in the Ap- 
pendix. It will be found, that the weight of water pro- 
‘duced is very nearly equal to that of the two gases ex- 
pended ; that.is to say, for every hundred grains of water 
generated in the receiver, 88.3 grains of oxygen gas, and 

11.7 grains of hydrogen gas (equal by measure to about 
250 cubic inches of the former, and 500 of the latter), will 
have disappeared from the gazometers. 

IV. By firing repeated portions of a mixture of oxygen 
_and hydrogen gases over mercury, a sensible qpanuty of 
water willat last be produced, 


Of the Proportion of the Elements of Water, 


The precise determination of the proportions of oxygen 
and hydrogen in water, is a problem of great importance, 
not only on account of the fact itself, but of its influence 
on the general theory of chemistry. The results of almost 
all the earliest experiments tended to prove, that water is a 
compound of 85 parts by weight of oxygen, and 15 of 
se at eae These numbers. were afterwards corrected by 


er “ 
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Fourcroy &c. to 85.7 of oxygen, and 14.3 of hydrogen; 
and in 1805 it was shown, by Humboldt and Gay Lussac, 
that ‘the quantity of aqueous vapour, which gases always 
contain, being subtracted, it is a nearer approximation to 
truth to state the proportions at 87.4 and 12.6. It is ad- 
mitted, on all hands, that water is formed by the union of 
two volumes of hydrogen gas, and one volume of oxygen 
gas. The greatest deviation from those numbers that has 
ever been contended for, is that 100 measures of oxygen 
gas combine with 197 of hydrogen. A difference, however, 
so difficult to ascertain, on account of its minuteness, may 
be neglected; and it may be safely assumed, that the general 
statement of one volume of oxygen to two of rane is 
correct. 

In determining the proportion of the elements of water, 
every thing will ‘aepenan therefore, on the precision with 
which the specific gravities of oxygen and hydrogen gases 
are ascertained. Taking the results of Biot and Arago as 
accurate (viz. 1.10359 for oxygen gas, and 0.07321 for 
hydrogen gas), the proportion of the elements of water 
must be as those numbers; and 100 grains must be com- 
posed , of 


EYE etal themes As tn so $2 Getoe 
~ Hydrogen... ..seseeeeeee sees LITI4 


100. 


“These proportions scarcely differ from those assigned 
by Berzelius (81 An. Ch. 25), Viz. 


Oxygen ....88.246....750.77....100 
Hydrogen...11.754....100, .... 13. 38 


100. . 850.77 113, 33 


If then we admit, with Mr. Dalton, that water is com- 


‘ pounded of an atom of oxygen united with an atom of hy- 


~ drogen, the relative weights of these atoms will be the 
same as’ the relative weights of oxygen and hydrogen, as-~ 
* eertained to form water, viz. for oxygen very nearly 7.5, 
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and for hydrogen 1. Or if, with Dr. Wollaston. and 
— others, we denote the atom of oxygen by 10, the atom of 
hydrogen. will bear to 10 the same ratio that 1 bears to 7.5, - 
viz. it will be denoted by 1.327. It should be observed, that 
Mr. Dalton has deduced the relative weight of the atom of 
oxygen to be to that of hydrogen as 7 to 1*. But this des 
termination is founded on the results of Humboldt and 
Gay Lussac, and not on the more recent, and bins 
more correct ones of Biot and Arago. 

_It must be allowed, however, to be possible, deomish: it i is 
a rouch less probable view of the subject, that water may 
| oxygen, which sania aeible the ately of the atom f 
oxygen, and make it, 15, the number assumed by Sir H, 
‘Dayy. . But hitherto we have no evidence that oxygen and 
hydrogen unite in any other proportion, than that consti 
tuting water; for whatever excess. we employ of the one 
gas, or of the other, the surplus invariably. remains with- 
out alteration. Now it admits of being proved to be con- 
sistent with mechanical principles, that the most energetic 
combination of any two elements is that, in which they 
are united particle to particle. Until, therefore, the con- 
trary can be established, we may assume, with Mr. Dalton, 
that water is a binary compound of 1 atom of oxygen, and 
1 atom of hydrogen: and, adding the weights of these 
atoms together (7.5 + 1), an atom of water will weigh 8.5. 
The same proportions, expressed by different numbers, 
as proposed by Dr. Wollaston, will make the Avett 
weight of an atom of water 10.000 + 1.827 = 11.327; the 
beri difference in this way of stating the fact, ae that 
oxygen, instead of hydrogen, is Rasitlesoaid by the decimal 
unit. 

* New System, p. 275. 
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oPar -andlytic experiutients cén water ‘are’ “oft two o kinds 
ist, Suchoas present us with ote of its ingredients only, im 
a‘separate and distiiict form’; '2dly, Such'as present us with 


its two: compotient principles, the hydrogeh atid oxygeny 


mixed together im the stats of gas. 44 2. Gop eg 
I. Of the first kind are the following: “ 9618 
 Ee-Procute -a gun-barrel,-thé breech of which 1 Bast bien 


removed) so as to fotnt 4 tube opencat eaich-endts Fill this 
with iron wire, coiled “ap in a -spital forma. «To -oné aid of 
the barrel adapt a small glass retort, partly filled with Was 
ter; and to the other 4 bert glass tubes thé open end: of 
which terthinates.under the shelf of the prditiatic’ cistertt: 
Let the barrel be placed horizontally (or rather with that 
end, to which the retort is fixed, a little élevatéd) in a fur- 
nace, which has two openings in its body opposite to’ each — 
_ other, (Ph iv. fix. 40.) Light 4 fire in the furnaée; andj 
when’ the gin-barrel’ has become réd-hot, apply a: lamp 
under theretort: The stéam.of the water will pass over 
the red-hot iron, and will be decomposed) Its oxygeri 
will wnite with the iton ; arid its hydrogen will be obtained 
in the form of a gas. This is’ the readiest’ and cheapest 
mode of procuring 4 Hopes gas, when wanted in consis 
derable quantity. | 

. 2) The same experiment rhay be repeated ; substituting 
an earthen tube for a gun-barrel; and weighing the iron 
wire, accurately, «both: before and’ after the lexporinsbyt: 

The iron will be found to have gained weight very consi- 
derably; and, if attention be paid to tle weight of the was 
ter that escapes decomposition, by an addition to the aps 
paratus (fig. 40,.e), and tothe weight of the gases obtained, 

it will be found,: that’ the weight gairied’ by the iron, addéd 
to that of the hydrogen: gasy will make’ up’ exactly’ thé 
weight of the water that has disippearedi” From experis 
ments of this’ kind; cane withthe utindst-attention to 
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accuracy, as well as from synthetic experiments, it appears, 
that water is compounded of 85 per cent. oxygen, and 15 
hydrogen, by weight, very nearly. But as hydrogen gas is 
eleven times lighter than common air, the proportion of 
gases, by volume, required to form water, is about two of 
hydrogen.to one of oxygen gas. By the decomposition of 
every hundred grains of water, therefore, the iron em- 


ploye: ved gains 85 grains, and becomes oxidized; and 15. 


grains (equal to about 500 aubical dace) of hydrogen gas. 
are obtained. 


-$. Water may be dachinpost in .a ant coe 
over charcoal instead of iran, ‘The results, however, are . 


different in this case, as will appear from a scans als 
section, 

4. Another mode of eHeiing the MIR teat of wan 
ter yet remains to be mentioned, in which not the hydro- 


gen, but the oxygen, is obtained in a gaseous state. This 


is by the action of living vegetables; either entire, or by 
means of their leaves only. Fill a clear glass globe with 
water, and put into it a number of green leaves, from al- 
most any tree or plant. A sprig or two of mint will answer 


the purpose perfectly well. Invert the glass, or place it, 


with its mouth downwards, in a vessel of water. Expose 
the whole apparatus to the direct light of the sun, which 
will then fall on the leayes surrounded by water... Bubbles 
of. air will soon begin’ to form on the leaves, and will in- 
crease in size, till at last they rise to the top of the vessel. 
This process: may. be carried. on as long as the vegetable 
continues healthy; and the gas, when examined, will prove 
to be oxygen gas, nearly pure. In this experiment,:the 


hydrogen. combines with the plant, to. the nourishment 


and support of which it contributes, | while the oxygen is set 
at liberty, 


II. ‘The processes, by which the elementar y parts. otis War. hey 


ter are separated from each other, and are both obtained |. . 


in an aériform state, as a mixture of hydrogen and oxygen ; 
gases, are dependent on the agency. of electricity. Oi stan 
1. T he. first of these experiments, requites: ‘for its Pete nai? 


5 


te 
u 
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fpitiitics the aid of a ‘powerful pledirieal be tie This 


fact was the discovery of a society of Dutch chemists; and. — . 


the’ principal circumstance, in the experiment, is the trans- 
mission of electrical shocks, through a confined portion of 
water. The apparatus employed, in this experiment+of 
Messrs. Dieman and Van Troostwyk, is a glass tube, about 
oné 8th of an inch diameter, and 12 inches long, one of the 
ends of which is sealed hermetically, a gold wire being in- 
serted at this end, and proj yecting about an inch and a has 
within the tube, About the distance of five 8ths of an inch 
from the extremity of this, another wire is to be fixed, which <i 
‘may extend to the open end of thetube. The tube is. next to 
be filled with distilled water, and to be placed inverted in a 
vessel of the same. When thus disposed, electrical shocks 
are to be passed between the two ends of the wire, through 
the water ; and, if these shocks be sufficiently strong, bubbles 
of air will be formed at each explosion, and will pai ‘till 
the upper part of the wire is uncovered by the water. As. 
soon as this is effected, the next shock that is passed will set 
fire to the air, and the water will rise again in the tube, a 
very small quantity of gas remaining. Naw, as hydrogen 
and oxygen gases, in a state of nut are are the only ones 
that are capable of being inflamed by the electric shock ; 
and as there is nothing in the tube, besides water, that can. 
afford them in this experiment, we may safely infer, that the 
evolved hydrogen and oxygen gases arise from decomposed. 
water. 

2. An improyed apparatus, exhibiting the same experi- 
ment, with less trouble to the operator, has been invented 
by Mr. Cuthbertson, and may be seen described and figured 
in Dr. Pearson’s paper in the Philosophical Transactions 
for 1797, or in Nicholson’s Journal, vols. i. and ii. 4to. 

$. The decomposition of water by galvanic electricity is 
@ process singularly adapted to demonstrate the fact ina 
simple and elegant manner. The manner of conducting 
it, as‘well as the results, will be fully explained, when we 
come to sb of the general principles of electro-chemical. 
seierice. ~ : | 
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y SECTION My bi. 05s) ale rae 
Properties and Effects of Water*. | sh ‘ ; 


I. Water contains air.—This may be shown by place & 
glass vessel of water under the receiver of an air-pump. 
During the exhaustion of the’ receiver, ‘bubbles of air will 
be seen to ascend very plentifully. . Much air escapes also 


from ‘water, during ebullition, and may be collected bya. 


‘proper apparatus. The same fact may also be exhibited, 
by filling a barometer tube; about $2 inches Jong, sealed’ at 
one end, with quicksilver, except about four inches, and 
the remainder with water. On iverting the open end of 
the tube in quicksilver, bubbles of air will te seen, in a “ytd 
time, ‘to rise from the water. 

The kind of gas, extricated from the water of a spiibe se 
a considerable distance from the surface, I have made the 
object’ of experimentt. From 100 cubi¢ inches of the 
water, or about 31 wine pints, 4.76 cubic inches of gas weré ° 
separated, of which 3.98 wete carbonic auia gas, and 1. 38 
- air of the same standard as that of the atmosphere. a 

It is probable that the proportion of gaseous contents . 
differs in the water of different springs, for Mr. Dalton states 
the average of his experiments to be about 2 inches front 
100 of water, and that the air expelled, after losing 5 or 10 
percent of carbonic acid by the action of lime water, consists 
of 38 per cent oxygen and 62 nitrogen t. i 

Every gas is absorbed by water, which has been deprived 
of all or the greatest part of its airby long boiling. The — 
quantity, however, which water is capable of absorbing, va- 
- ries considerably with respect to the different gases. Those, 
of which only a small proportion is absorbed, require violent 


and long it i agitation 1 in contact wt water. The fol- 
oN 


* Whenever, in the course of this “work, water is ‘taehned as an 
agent in any chemical Aine pure distitfed! water iS” to be! under 
stood. j be DY iki HES MTP } tine } i892 0} ooo 

+t Philowaphaat Toencetastis 1803 t New System, p. 274s. 9" 
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lowing table has been drawn up by Mr. Dalton from the 
combined results of his own experiments and mine, 
Water absorbs, at the mean pressure and temperature of 
the atmosphere, 


OF carbonic acid gas......eseeeeeesee+ its own bulk, 
sulphuretted hydrogen... .sssesesseereees do. 
BUSGUS OHIGE ine lp av breve (Mises o20's Wea s WeeooOh | 
leah PAS. 0'5.5))-<@) APU MtaH= sea NKids ADEE 
ONYQEH GAS. . ce eeeeeenrse es erccosorenee girs 
eR LDONABARDR 3) 4:8 sao win 6) ob lods a 41 410'K oni 08 0. dex a be OOS 
carburetted hydrogen ...ccseeeveseeeces Ue 
GATDORIC pOFKIPE dreieiae (hin, vedic '¥ 44 » EN UAR CML “Be 
BZOLIC BAS seer e eres esse eet eeereesnsane, do. 
PIOIEESD G88 ssn 80) 7 rea aOR do. 


? 


— 


The principle, on, which gases are retained by water, is 
still a matter. of controversy. By Berthollet and the gene- 
rality: of chemists, it is ascribed to the exertion of a chemical 
affinity between the gas and the water; but it has been 
suggested by Mr. Dalton (and as appears tome with greater 
probability) that the fact may be better explained on me- 
chanical principles. A statement of the argument may be 
seen in Mr. Dalton’s ‘New System of Chemical Philoso- 
phy,” or in. two papers, which I have published in the, ein 
and ninth volumes of Nicholson’s Journal. 

IE. Water is contained in the air of the atmosphere, even 
during the driest weather. —Expose to the air, ina shallow 
vessel, a little sub-carbonate of potash or common salt of 
tartar. In a few days it will have become moist, or deliqui- 
eied. On the same principle, water exposed to the air, in a 
shallow vessel, disappears, being dissolved: by the atmos» 
phere. Saussure states the quantity of water in a cubic 
foot of air, charged with moisture at 65° of Fahrenheit, to 
be.11.grains. The quantity of water, that may be extracted 
from 100 cubical inches of air, at 57° Fahrenheit is 0.35 
ofa grain; but, according to Clement and Desormes, at 54° 
Fahrenheit, only 0.286 of a grain can be detached by ex- | 
posure to muriate.of lime. The experiments, both of these 


172 WATER. cHAP. VIL 


chemists and of Mr. Dalton, concur in proving that at the 
same temperature, equal bulks of different gases give up the 
same quantity of water to deliquescent bal The portion 
of humidity, which they thus abandon, has been called 
hygrometric water. .Whether they contain a still farther 
quantity in a state of more intimate union and not separa- 
ble by deliquescent substances, is. still undetermined. 

‘Til. Several bodies absorb water from the atmosphere, 
which can scarcely be supposed to have an affinity for it, 
and again give it up, on the application of a gentle heat. 
Such are almost all substances in the state of powder; porous 
paper; and even the filings. of metals. Some powders re- 
tain the moisture they have. absorbed, till a considerable 
heat is applied *, ‘The nature of this combination is not 
exactly understood, 

There are two different theories of the state, in ‘which 
water exists in the atmosphere and in other gases. By most 
writers, it has been considered. as united to air by chemical 
affinity; and, when abstracted by other bodies, (as sul- 
_ phuric acid, lime, and the whole class of deliquescent salts) 
the effect has been ascribed to the superior affinity of those 
bodies for water. Mr. Dalton first took a different view of 
the subject, viz. that the vapour of water, mixed with air 
and other gases, differs in no respect from pure steam, and 
is subject to the same laws. It constitutes, indeed, in his 
opinion, a distinct and independent atmosphere, the elastic 
force of which forms, at different temperatures, different 
proportions of the elastic force of the whole; for Sane 
at the temperature of 65° Fahrenheit, it gives to air 3!, of 
its elasticity. This theory appears to have much nidre’ 
probability, than that which explains the phenomena by 
chemical affinity; and it is supported, especially, by the» 
absorption of caloric, which is ascertained to be of the 
same‘amount in BOO ne as in forced evaporation. 

- Instruments for measuring the degree of moisture of the 
air are called. hygrometers. ‘They consist, for the most 
-_ part, of some substance, such as’ a human hair or a fine. 

* Berzelius, 79 An, Chim, 118. wt . 
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slip of whalebone, which is elongated by a moist atmo- 
sphere, and shortened by a dry one. The extreme points 
are attained by placing it, first in air artificially dried, and 
then in air rendered as humid as possible. The degree of 
expansion or contraction is rendered more sensible by con- 
necting it with an axis, which moves a circular index, like 
the finger of a clock. Mr. Leslie, by a slight modifica- 
tion of his differential thermometer, makes it serve the 
purpose of an hygrometer; for if one of the balls be co- 
vered with silk, and then moistened with water, the rate 
of evaporation will be shown by the degree of cold pro- 
duced, as indicated by the descent of the liquid in the op- 
posite leg of the instrument. The drier the air, the quicker 
will be the evaporation, and the greater the effect in moving 
the liquid within the instrument. 

IV. Water enters into combination with various solid to- 
dies, and entirely loses its fluid form. In many instances, 
it unites only in a definite proportion; and it is retained by 
so powerful an affinity, as not to be separated by a very 
high temperature. Such compounds are termed hydrates. 
The pure alkalis, potash, and soda, retain, for example, 
even after fusion, about + their weight of water, which can 
only be separated by some body having a stronger affinity — 
for the alkali. In all hydrates, at least one atom of water. 
must be present, or it must be contained in them in such 
quantity, as to bear the proportion of at least 8.5 to the 
weight of the atom with which it is united. If, for exam- 
ple, the weight of the atom of potash be 48, as Sir H. 
Davy supposes, we cannot have a true chemical compound of 
_ water and potash, in which the former bears to the latter 
a less proportion than that of 8.5 to 48. And if, in any 
instance, water is obtained from a compound in a propor- 
tion less than that of the weight of the atom of water, to 
the weight of the atom of the body with which it is asso- 
ciated, we may take for granted that it is held mechanically — 
and accidentally, and not as a true chemical constituent. 
Such appears to be the nature of the union of water with 
certain neutral salts (common salt for example) which con- 
tain only 1 or 2 per cent of their weight of water. 


a 
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V. Water dissolves a greet v var aviety of solid lodies. The 
substances, on which it exerts this effect, are said to be soluble 
in'water; and there are various degrees of solubility. ‘See 
— i. anid the table in the Appendix. 

‘VI. During the solution of bodies in water, a change of tem- 
perature ensues.—In most instances, an absorption of calorie 
(in other words, a production of cold) is attendant on solu- 
tion, as in the examples given in chap, iii. sect. 2, But, in 
other cases, caloric is evolved, or heat is produced. Thus, 
common salt of tartar, during’ solution in water, raises the 
erect of its solvent ; and caustic potash, in a state of 

dryness, does the same: still more remarkably. Both car- 
bonated and pure potash, however, when crystallized, observe 
the usual law, and absorb caloric during solution. Now as 
their difference, in the crystallized and uncrystallized state, 
depends chiefly on their containing’ in the former, but not 
in the latter, water chemically comibined, we may infer, 
that the cold, produced during the solution of salts, is ocea- 
sioned by the conversion Lat the water, which’ exists if thesé 
ee from a solid’ to a’ liquid form.’ | 

VEL. During the solution of salts in water, vaio air 
is disengaged.—This air was partly contained mechanically 
in'‘the.salt; and partly inthe water. That it does not arise 
entirely from the former source, is proved by varying the 
experiment in the following manner. Let-an ounce or two 
of sulphate of soda be put int@ a vial, and pour oni this ‘as 
much water as will completely fill the bottle.’ The air con: 
tained in the pores of the salt will be thus disengaged ; but 
only a small portion of the’salt will be dissolved, agreeably 
to the principle laid’ down, chap. ii..7. Let the’ vial be 
shaken, and the whole of the salt will disappear; a fresh por- 
tion of air being liberated during solution. The air, that 
‘now appears, is eseeld cited’ from the water, in consequénce 
of the affinity between the water and the salt being stronger 
than that between the water and the air. ie Is, therefore; a 

case of single elective affinity. — . 
‘WHT. Ditri ing the solution of bodies, the bulk of water changes. 
Take a glass, globe, furnished with a long’ narrow neck 
(commonly: termed a ‘mattras, see fig. 4), and “put into it an 
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ounce or two of sulphate of soda... Then,addasmuch water 
_as will fill the globe, and about three 4ths ofthe neck. This 

should. be done with as little agitation as possible, in order 
_ that the salt may not dissolve, till required., Mark, by tying 
a little thread, or by a scratch with a file, the line where the 
_ water stands; and then agitate the mattras. ‘The salt will 
dissolve ; air will be set-at liberty; and, during the solution, 
the water will sink considerably below its level. ‘The con- 
traction of bulk is owing to the diminution of temperature ; 
and, when the water has regained.its former temperature, it 
will also be found, that its. bull: is increased by the addition 
of salt. The Bishop of Landaff observed, that water exhi-« 
bits a manifest augmentation of bulk, by dissolving only the 
two thousandth part of its weight of salt ;-a fact sufficiently 
decisive. against that theory, which supposes pores in water 
capable of receiving saline bodies without. an. augmentation 
of volume. 

IX. Water has tis iat power increased, He diminish 
ing the pressure of the atmosphere.—Into a Florence flask, 
put half a pound of sulphate of sodas pour on it barely a 
_ ‘pint of water, and. apply heat so as to boil the water. The 
_ whole of the salt will be dissolved. Boil the solution for 
several minutes pretty strongly, so as to drive out the air; 
and cork the bottle tightly, immediately on its removal from 
thefire. To prevent more completely the admission of air, 
tie the cork over with bladder. As the vessel cools, an im- 
perfect vacuum will be formed over the solution; for the 
steam, which arises: during the ebullition, expels the air, 
and takes-its place. ‘The steam is condensed again, when 
the vessel:cools.. The solution, when perfectly. cold, may be 
shaken without any effect ensuing, so long as the vessel is” 
kept closely stopped; but, on removing the cork and shaking 
_ the vessel, the solution will immediately congeal, and heat 
will be produced. This experiment, besides the principle 
which it: is peculiarly intended to illustrate, exemplifies also 
the. general rule laid down, chap. iii, sect. 2. vi. viz. that cas 
lorie is.always evolved, during:the transition of bodies from. 
a fluid to a solid state; and it furnishes.a fact exactly the ne- 
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verse of that in which cold is produced, or caloric any 
during the solution of salts. 

X. It is unnecessary to add any thing to whae 7, 
been already said in a former section, respecting the com- 
bination of caloric with water constituting steam; or to the 
history of the phenomena attending its conversion into ices _ 
except that, during the latter change, its bulk is enlarged in 
the proportion of nine to eight, and that, in consequence of 
this expansion, water, during congelation, is capable of 
bursting the strongest iron vessels; and becomes specifically 
bolita Hence, ice swims always on the surface of the 
water. é 

It is sinticleslsies that this enlargement of the Pat of 
water begins long before its temperature has descended to | 
the freezing point, viz. at about 40° Fahrenheit. Let a 
thermometer bulb, and part of its tube, having a wide bore, 
be filled with water, tinged with a little litmus, which may 
be introduced by the same means as those already directed 
for filling with quicksilver. Immerse the thermometer in 
water of the temperature of 40°; and, when the included 
water may be supposed to have attained the same degree of 
heat, remove the instrument successively into water of the 
temperature of 36° and 32°, At each immersion, the water 
will rise in the tube. Bring its temperature again to 40°, 
and it will descend to the same point as before. Place itin 
water of 50°, and it will again be expanded. Precisely 
similar effects, therefore, appear to result, in these experi- | 
ments, from two opposite causes; for the bulk of; water is 

alike increased by reducing or raising its temperature. It 
is contended, however, by Mr. Dalton, that, in the apparent 
expansion by a lower temperature, there is a deception, 
arising from the contraction of the glass, which must lessen 
the capacity of the bulb, and force the water up the stem. 
_ The question is not yet decided; and is still contested by 
Mr. Dalton against the experiments of Count Rumford and 
of Dr. Hope. . The former philosopher now contends, that 
water is of the greatest density at 36° of Ralenlietty or af S 
above its Fcceaihas point. £ es tos | 
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CHAPTER VII, | 


' ON THE CHEMICAL AGENCIES OF COMMON AND 
GALVANIC ELECTRICITY. 


"THAT branch of natural science, which comprehends the 
phenomena of Galvanism, and the general principles under 
which they are arranged, is only of recent origin. It was 
not till the year 1791, that Galvani, an Italian philosopher, 
_ being engaged in a course of experiments on animal irrita- 
bility, observed accidentally the contractions, which are ex- 
cited in the limbs of frogs, by applying a conductor of 
electricity between a nerve and a muscle. The theory, 
which he framed to account for this phenomenon, was that 
the different parts of an animal are in opposite states of 
electricity, and the effect of the metal is merely to restore the 
equilibrium. The analogy, however, was afterwards shown 
to be without foundation, by Volta, who excited similar con- 
tractions by making a connection ‘between two parts of a 
nerve, between two muscles, or between two parts of the 
same muscle; but to produce the effect, two different metals 
were found to be essential. » Hence he was led to infer that, 
by the contact of different metals, a small quantity of elec- 
tricity is excited; and to the agency of this electricity, first 
upon the nerves, and through their mediation on the 
muscles, he ascribed the phenomena in question. 
Several years elapsed, during which the action of galvanic 
electricity on the animal body, and the discussion of its cause, 
occupied the attention of philosopher s. Early in 1800, the 
subject took a new turn, in consequence of the discovery by 
Signor Velta of the Galvanic ei ; a discovery which has 


* Philosophical Transedons, “1200, or _sernoeeghiioal Magazine, 
Vil. 289. 
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furnished us with new and important instruments of analysis, 
capable, if any such there are, of leading to a knowledge of 
the true elements of bodies. From ae period, discoveries _ 
have multiplied with a rapidity and to an extent, which sur- 
pass any thing before known in the history of science; and 
the facts are now become so numerous, that an arrangement 
and classification of them seem to be preferable to ant histo- 
rical detail in the order of time. The method, which ap- 
pears to me best calculated to give a distinet view of the 
subject, is to describe, 

I. The construction of galvanic apparatus, and the cir- 
cumstances essential to the excitement of this modification 
of electricity : , 

Il. The facts, which establish its identity with the elec: x 
tricity excited by ordinary processes: 

WI. The agency of the electric or galvanic. fhid ts in 1 pro- 
ducing chemical changes : 

_ LV. The theory, by which these changes, i in the present | 

sta eof our knowledge, are best explained: And _ 

V. The hypotheses, which have been framed to account 
for the origin of the electricity, excited by: Balvapie 
arrangements, | 


SECTION I. 
Of ‘the Construction of Galvanic Arrangements. 


Tor the excitation of ordinary electricity, it is well known 
that a class of substances are required, called electrics, by 
the friction of which the electric fluid is accumulated, and 

from which it may be collected by a different class of bodies — 
termed non-electrics or conductors. When friction, for ex- 
ample, is applied to the glass cylinder or plate of an electri- 
eal machine, that part of the glass, which is in contact with 
the rubber, attracts the electric fluid from it, as well as from’ 
all other conducting bodies, with which the rubber is con- 
nected, The glass regaining instantly its natural state, repels 
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the electric fluid, which is received by the prime conductor, 
placed for that purpose. All then that is effected, by the 
action of the machine, is a disturbance of the natural quan- 
tity of electricity i in bodies, or a transfer of it from some to 
others, in consequence of which, while the latter acquire @ 
redundance, the former become proportionally Seen A in 
their quantity of electricity. 

The conditions necessary to the excitement of galvanic 
electricity are altogether different; for the class of bodies, 
_ termed electrics, have now no longer any share in the phe- 
nomena. All that is required is the simple contact of differ- 
ent conducting bodies with each other. Conductors of 
electricity have been divided into perfect and imperfect, the 
former comprehending the metals, plumbago and charcoal, 
the mineral acids, and saline solutions; the latter, or im- 
per fect, including water, alcohol and ether, sulphur, oils, 
resins, metallic oxides, and compounds of chlorine. 

~The least complicated galvanic arrangement is termed 
- A SIMPLE GALVANIC CIRCLE. It consists of three conductors, | 
two of which must be of the one class, and one of the other 
class. In the following Tables, constructed by Sir H. Davy, 
some different Gane circles are arranged i in the order of 
their powers, the most energetic occupying the highest 
place. 


Table of some Electrical Arrangements, which by combi- 
nation form Voltaic Batteries, composed of two Conductors 
and one imperfect Conductor. 


Zinc 

Iron, | Each of these is the po- Solutions _ of nitric acid, 
Tin, sitive pole to all the of muriatic acid, 
Lead, metals below it, and | ~ of sulphuric avid, 
Copper, _ hegative with respect of sal ammoniac, 
Silver, to the metals above it of nitre, 

Gold, in the column. otherneutral salts, 
Platina, 

Charcoal. « 


wm 2 
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ble of some Blectricab Artiingementsy. consisting af-0 ome 
Conductor and shail Conductors. 


Pe let ah pe 


Copper, | 
(ie ee, avg Silver, | Nitric.acid, . 
Solution of sulphurand potash, | Lead, _ Sulphuric acid, 
of potash, Tin, | Muriatic acid, 
of soda. Zinc, | Any solutions 
Other Metals, {| containingacid. 
Charcoal. 


In explanation of these Tables, Sir H. Davy observes, that 
in all cases when the fluid menstrua afford oxygen, those 
metals, which have the strongest attraction for oxygen, are 
those which form the positive pole. But when the fluid 
menstrua afford sulphur to the metals, the metal which, 
under the existing circumstances, has the strongest attrac- 
tion for sulphur, determines the positive pole. Thus, ina _ 
series of copper and iron plates, introduced into a porcelain — 
trough, the cells of which are filled with water or with acid 
solutions, the iron is positive and the copper negative ; but 
when the cells are filled with solution of sulphuret of potash, 
the copper is positive and the iron negative. When one 
metal only is concerned, the surface opposite the acid is 
negative, and that in contact with solution of alkali and — 
sulphur, or of alkali, is negative*. kg 

The powers of'simple galvanic circles are but feeble; but 
they may be made sufficiently apparent by the igi bie 

"experiments. | 
1. When a piece of zinc is laid upon the tongue, and a 
piece of silver under it, no sensation is excited, so long as 
the metals are kept apart; but, on bringing them into con- 
tact, a metallic taste is distinctly perceived. In this case 
we have an example of the arrangement of two perfect con- 
ductors (the metals) with one ‘imperfect one (the tongue, . or 
rather the fluids which it contains). The metallic taste 
- arises, in all probability, from the excitement of a small 
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quantity of electricity, by the contact of the metals, and its’ « 
action on the nerves of the tongue. 

2, A piece of zinc, immersed under water which is freely, 
exposed to the atmosphere, oxidizes very slowly; but when 
placed in the same situation, in contact with a piece of sil- 
ver, its oxidation is much more rapid. By i immersing iron 
and silver (also in contact with each other) under diluted 
muriatic acid, the action of the acid upon the iron is con- 
siderably increased; and hydrogen gas is evolved from the 
water, not only where it is in contact with the iron, but 
where it touches the silver. These facts explain, why, in the 
sheathing of ships, it is necessary to use bolts of the same 
metal which forms the plates; for if two different metals be 
employed, they both oxidate or rust very speedily, in con- 
sequence of their forming, with the water of the ocean, a 
simple galvanic circle. 7 


Of compound Galvanic Circles or Batteries. 


Galvanic batteries are formed by multiplying those ar- 
rangements, which compose simple circles. Thus if plates 
of zinc and of silver, and pieces of woollen cloth of the same 
size as the plates and moistened with water, be piled upon 
- each other (fig. 77, pl. ix), in the order of zinc, silver, cloth ; 
zinc, silver, cloth; and so on, for twenty or more repetitions, 
we obtain a galvanic battery termed, from its discoverer, the 
Pile of Volta. The power of such a combination is s sufficient 
to give a smart shock, as may be felt by grasping in the 
hands, which should be previously moistened, two metallic 
rods, and touching with these the upper and lower extre- 
mities of the pile. ‘The shock may be renewed at pleasure; 
until, after a few hours, the activity of the pile begins to 
abate, and finally ceases altogether. 

The metals, composing a galvanic battery, may be more 
conveniently drome in the form of a trough, a happy in- 
vention of Mr. Cruickshank. In‘a long and narrow wooden 
_ trough, made of baked wood, grooves are cut, opposite to 
and at the distance of between 3. and 2 of an inch from each 
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‘other; and into Peds are Be down, and secured by cement, 
square plates of zinc and copper, previously united together 
by soldering. (See figs. 37 and 78.) The space, therefore, 
between each pair of plates, forms a cell for the purpose of 
containing the liquid, by which the combination is to be 
made active. ‘The advantage of this contrivance, over the 
pile, i is partly that it is sich more easily put in order; but, 
besides this, | it is a ‘more efficient instrument. When con- 
structed in the way which has been described, it affords an 
example of a galvanic combination of the first kind, formed 
by two plHfode and one imperfect conductor. But it admits 
of being modified, by cementing, into the grooves, plates of 
one metal only, and filling the cells, alternately, with two 
different liquids, as dilated nitric acid and solution of sul- 
phuret of potash. In this case, we have a battery of the 
second order, formed by the repetition of one perfect and 
two imperfect conductors. For all purposes of experiment, 
the first kind of arrangement is universally preferred. 

' Another rnadificatien of the apparatus, which may be 
called the Chain of Cups, was proposed by Volta at the same. 
time that he communicated his invention of the Pile; and, 
from the recent experiments of Mr. Children*, it appears to 
be a very useful and powerful one, It consists of a row of 
glasses (see fig. 75), such as wine glasses or ‘small tumblers, 
for the purpose of containing any fluid that may be selected. 
Into each of these glasses is plunged a plate of zinc and 
another of copper, each not less than an inch square, which 
are not to touch each other. The plates of different cups 
are connected by metallic wires or arcs, in such a manner 
that the zinc of the first cup communicates with the copper 
of the second; the zinc of the second with the copper of the 
third; and so on through the whole row. The shock is 
felt on dipping the Frpees of one hand into the fluid of the 
first cup, and those OF the other hand into the last of the 
series. ‘The superiority of this arrangement consists in both 
surfaces of each metallic plate being eos to the action of 


* Philosophical Transactions, 1809, page 33, 
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_ the liquid ; whereas, by soldering the plates together, one of 
the surfaces of each is protected from the liquid, and con- 
tributes nothing to the effect. The common trough has 
lately been made to combine this advantage, by dividing it 
into cells, not by plates of metal but by partitions of glass. 
_ Into each of these cells, filled with the proper liquid, a plate 
_ of each metal is introduced, but not so as to touch each other. 
Acommunication is then made, by a metallic arc, between the 
“zine plate of each cell and the copper one of the next,’ pre- 
cisely as in the chain of cups. More lately the trouglis 
themselves have been made of earthen ware, and the par- 
titions of the same material; the apparatus being completed, 
in other respects, in the manner already described. 

‘The size of the plates has been varied from one or two 
inches to several feet. For ordinary purposes, plates of two 
anches square are sufficient; but for the repetition of Mr. 
Davy’s experiments, not less than one 100 pairs of plates, 
each four inches square, are required *.' The enlargement of 
the size of the troughs, so as to contain this number, would 
be extremely inconvenient; and we may therefore combine 
the power of several troughs, by uniting the zinc end of the 
‘one with the copper end of the other, lay. the intervention of 
a metallic wire, or by an arc of silver or zinc. 

It may be sufficient to add, in general terms, that every 
combination, which is capable of forming a simple g galvanic 
circle, may, by sufficient repetition, be erida to compose a 
battery... The combinations, also, which are most’ active in 
simple circles, are observed to be most efficient i in compound 
ones. ‘The foregoing tables of Mr. Davy express, therefore, 
the powers of Poona as well as of simple arrangements. 

To construct a battery of the jirst order, it is essential 
that a fluid be employed, which exerts a chemical action 
upon one of the metals. Pure water, entirely deprived of 
air, appears to be inefficient. In general, indeed, the gal- 
) Xu | he ‘ 

“< * Some useful information respecting the number and size of plates, 
adapted to different purposes, is given’ by, Mr. Singer in, Nicholson's 


Journal, vol. xxiv. page 174. renal s 


ee 


184 ELECTRO-CHEMISTRY. CHAP, VI¥o 


vanic effect is, within certain limits, proportional to the 
rapidity with which the more oxidable metal is acted upon 
by the intervening fiuid. . The fluid. generally used is nitric 
acid, diluted with 20 or 30 times its weight of water. 
Mr. Children recommends a mixture of three parts fuming 
nitrous acid, and one sulphuric, diluted with thirty parts of 
water. Directions, also, respecting the best kind and den- 
‘sity of acids, for producing galvanic electricity, are given by 
Mr. Singer. From his experiments it appears, that acid of 
different densities is required for different purposes. The 
best wire melting charge is formed with 10 gallons of water, 
five pounds of nitric acid, and half a pound of muriatic acid. 

The power of the apparatus has been found to be increased, 
when insulated by non-conductors; and when surrounded 
by an atmosphere of oxygen gas; not sufficiently, however, » 
to make it necessary to resort to either of these expedients 
in ordinary cases, Oxygen gas disappears in this process, 
when carried on under a receiver; and, after all the oxygen 
is absorbed, the effect ceases, and is renewed by introducing 
a fresh portion. When the cells are filled with diluted 
nitric acid, the apparatus continues active, even under the 
exhausted receiver of an air-pump, or in an atmosphere of 
carbonic acid or nitrogen gases. But if the cells be filled 
with water only, all action is suspended, by placing it under 
any of these circumstances. Hence it appears that the 
oxidation of one or both of the metals, composing the trough, 
is essential to the excitement of galvanic electricity. . 


SECTION i oe 
ah the mutuat Relation of Electricity ae Cea 


Is the influence, it may now be inquired, which. is called 
into action in.a.way so different from that employed for the . 
excitation of ordinary. electricity, identical with it or of a 
different kind? This question will be decided by examining 
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whether any of those phenomena, which are occasioned by 
the agency of the electric fluid, are produced also by that of 
galvanism; and we shall find the following striking resem- 
blances. 

1. The sensation, produced by die galvanic shock, is ex- 
tremely similar to that which is excited: by the discharge of — 
a Leyden jar. Both influences, also, are propagated through 
a number of persons, ine any perceptible imerval: of 
time. yeas 
2. Those bodies, which are conductors of clectricifyyiat are 
also conductors of the galvanic fluid, as the metals, char- 
coal, and a variety of liquids: Again, it is not transmitted 
by glass, sulphur, and the whole class of electrics, which do 
not convey ordinary electricity. Among liquids, those only 
are conductors of electricity and galvanism, which contain 
oxygen as one of their elements*. 

3. The galvanic fluid passes through air minke certain other 
non-conductors, in the form of sparks; accompanied with a 
snap or report; and, like the electric fluid, it may be made 
to inflame gun-powder, phosphorus, and mixtures of hydro- 
gen and oxygen gases. It has lately been found, also, by 
Mr. Children, that in the Voltaic apparatus there is, what 
is called in electricity, a@ striking distance. With. a power 
of 1250 pairs of four inch plates, he found this distance to 
be one 50th of an inch, the thickness of a plate of air, 
through which the galvanic discharge is able to pass in the 
form v2 a spark. Increasing the number of plates, the 
striking distance will be greater; and the reverse when it is 
diminished. It is also pid! by rarefying the air, through 
which the spark is transmitted. 

4. The Voltaic apparatus is capable of communicating 
a charge toa Leyden jar, or even toa battery. If the zinc 
end sd a pile (whether it be uppermost or the contrary) be 
made to communicate with the inside of a jar, it is charged 
positively. If circumstances be reversed, and the, copper 
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end be similarly connected, the jar is charged negatively *, 
The shocks donot differfrom those ofa jar or battery, charged 
to the'same intensity by a common electrical machine... 

5. Galvanism, even when excited by a single galvanic 
circle only (such as a piece of zinc, a similar one of copper, 
and a piece of cloth moistened with a solution of muriate 
of ammonia), distinctly affects the gold leaf of the condensing 
electrometer. If the zinc end. be uppermost, and be con- 
nected directly with the instrument, the electricity indicated 
is positive ; if the pin of the electrometer touch the copper, 
the electricity is negative. .A pile consisting of sixty com- 
binations produces the effect still more corel 

6. The chemical changes produced by galvanic and com- 
mon electricity, so far as hey have hitherto been examined, 
are precisely similar. . sese will foun, the subject of the 
. following section, 


SECTION III. 
On the Chemical Agencies of Electricity and Galvanism, 


' Tue effects of the electric or galvanic fluids, in producing 
chemical decomposition, cannot be described, without in- 
troducing to the reader the names of several substances, 
with which, in the present state of his knowledge, he may 
be supposed’ to be unacquainted, This difficulty is un- 
avoidable; for it is impossible to explain the general laws 
of electro-chemical action, without a variety of particular 
instances. In general, however, it will be found that a 
minute acquaintance with the bodies, which are brought in’ 

illustration, is by no means essential; and that it is-sufficient — 
* to consider them as composed simply of two ingredients, 


~* Cuthbertson’s Practical Electricity and Galvanism,- page 261. 
Volta, in Nicholson’s Journal, 8vo. i. 140. Van Marum,, in Philosophical 
Magazine; “xn ene ee doin, 
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which are in opposite electrical states, and are subject ta 
the laws of electrical attraction and repulsion. 

The most simple chemical effect, produced alike by the 
agency of electricity and galvanism, is the ignition and fusion 
of metals, When a piece of watch-pendulum wire is placed 
in the circuit of a common electrical battery, containing 
not less than three or four square feet of coating, at the 
moment of the discharge the wire becomes red-hot; but 
continues so only for a few seconds, no longer, indeed, than 
if it had been ignited in any other way*. ‘The same effect 
may be produced by making a piece of wire the medium of 
communication between the opposite extremities of a gal- 
vanic trough; but, in this case, the heat continues sensibly 
Jonger, ae when it is excited by an electrical explosion. 
ee a platina wire may be kept ignited am vacuo, for an 
unlimited time, by Voltaic electricity. Water; surrounding 
a wire so placed, may be made to boil briskly. 

When the power of an electrical battery is increased, 
metallic wires, by transmitting the discharge through them, 


"may be melted and shee in the form af smoke, or of an 


impalpable powder lighter than air. The galvanic dis- 


| charge, also, is capable of fusing metallic wires; but being 


less violent, it does not scatter their particles to a distance. 


* Even wire from the most infusible of the metals, platina, 


acquires a white heat, and melts into globules. 

With a still more powerful electrical battery (one for 
example containing about 18 square feet) metallic wires are 
not only melted, but undergo absolute combustion. Lead 
and tin wire emit a yellow hand) and copper and silver a 
green one. If the experiment be made on wire confined in 


a glass receiver, which contains a measured quantity of air, 


the bulk of the air, and its proportion of oxygen, are both 


found to be diminished +. The metals are converted into 


* On the quantity of coated surface required for igniting different 
lengths of wire, the Fexite werd col iyhe Mr. Cuthbertson’s book, page 


.161, &e. 
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see of different colours; lead, tin, and zine, into ae 
oxides; platina, gold, silver, and copper, into oxides of a 
dark colour. The experiment may be pleasingly varied by 
passing the discharge through wires, stretched over panes 
af glass or sheets of paper, at a small distance from their 
surface. The metallic oxide which is produced is forcibly 
driven into the glass or paper; and produces beautiful 
figures, varying in colour with the metal employed *. 

The combustion of metals may be effected, also, by gal- 
vanic electricity; but for this purpose the form of very thin 
leaves is preferable to that of wire. ‘The plates, composing — 
the galvanic trough, should, for this purpose, be not less 
_ than four inches square, the larger, indeed, the better; and 
‘several troughs should be joined together, so as to form an 
aggregate of not Jess than 100 or 150 pairs of plates. The 
galvanic influence is to be conveyed by wires brought from 
each extremity of the arrangement, and placed in contact 
with the opposite surfaces of the leaf. For the protection 
of the fingers, the wires should be inclosed in glass tubes. 
When thus exposed, the metals buyn, or rather deflagrate, 
with great brilliancy. 

Gold emits a very vivid white light, inclining a little to 
blue, and leaves an oxide, whose pi verges towards that 
of mahogany. . Copper presents similar Shenaie og aa 

The flame of silver is a vivid green, somewhat like that 
of a pale emerald, and the light is more intense than that 
ef gold. Lead gives a vivid light of a dilute blueish pur- 
ple. Tina bi similar to that a gold; and zinc a blueish 
white flame Dena with red+. In all these cases, provided 
the power be ssl ciel strong, the deflagration is kept ups 
for some time, without intermission. 


But a much more remarkable action is exerted. by the 
electric and galvanic fluids, in disuniting the elements of 
several. combinations. One of the first Aisne of the 


* Cuthbertson, page 226, and Wilkinson’s Elements .of Galvanismy. 
in the Sth plate of which these appearances are represented. - 
‘+ Philosophical Magazine, xi. 284, and xv. 96: . 
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chemical agency of the pile was its power of decomposing 
water. Two pieces of any metallic wire are thrust through 
separate corks, which are fitted into the open ends of a glass 
tube in such a way, that the extremities of the wires, when 
the corks are in their places, may not be in contact, but 
may be at the distance from each other of about a quarter 
of an inch (see fig. 77, a). If the parts of the wire, which 
project from without the tube, be made to communicate, the 
- one with the zinc or positive end, and the other with the 
copper or negative end, of a galvanic battery, a remarkable 
appearance takes place. ‘The wire, connected with the zinc 
or positive end of the pile or trough, where it is in contact 
with the water, if of an oxidable metal, is rapidly oxidized ; 
while from the negative wire a stream of small bubbles of 
gas arises. But if the wires employed be of a metal, which 
is not susceptible of oxidation, such as gold or platina, gas 
is then extricated from both wires, and, by a simple con- 
trivance, may be separately collected. ‘The apparatus for 
this purpose is shown by fig. '76, where the wires p and 7, 
instead of being introduced into a straight tube, are inclosed 
in a syphon, and terminate before they reach the end, in 
which a small hole is to be ground. ‘When a:stream of 
galvanic electricity i is made to act upon water thus confined, 
oxygen ‘gas is found, at the close of the experiment, in the 
leg connected with the positive end of the battery, and 
hydrogen gas in that connected with the negative end; and 
in the proportions which, by their union, compose water. 
At an early period of the inquiry, it was found, however, by 
Mr. Cruickshank, that the water surrounding the positive 
wire became impregnated with a little acid; and that around 
the negative wire with a little alkali. If instead of water, 
we employ a metallic solution, the metal is revived round 
the negative wire, and no hydrogen gas is liberated. 

The gases constituting water, it was afterwards anand 
by “Sir H. Davy, may be separately produced from two 
_ ‘quantities of water, not immediately in contact with each 

Other. ‘The fact is of peculiar importance, from its resem= 
blance to other more recent ones, which have Jed that dis- 
4: 
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tincuished philosopher to the discovery of the general laws 
of electro-chemical action. ‘Two glass tubes (p and my 
pl. ix. fig. 79), about one third of an inch diameter and 
four inches long, having each a ‘piece of gold wire sealed 
hermetically into one end and the other end open, were 
filled with distilled water, and placed inverted in separate — 
glasses filled, also, with that fluid. ‘The two glasses, a and 
£, were made to communicate, either by dipping the fingers 
of the right hand into one glass, and. those of the left inte 
the other, or by interposing fresh animal muscle, or a living 
vegetable, or even moistened thread, as shown at c. The 
gold wires, projecting from the sealed ends ‘of these tubes, 
were then connected, the one with the positive, the other 
with the negative end of the trough. Gas was immediately 
evolved from both wires. At the close of the experiment, 
in the tube p oxygen gas was found; in the negative tube 
a hydrogen. ‘The proportions by measure were, as nearly 
as possible, those which result from the decomposition of 
water, viz. two of hydrogen to one of oxygen gas*. Now 
if these gases arose, as they necessarily must, from the de- 
composition of the same portion of water, that portion of — 
water must have been contained either in the tube p or in 
the tube 2. In the former case, the hydrogen gas, found 
after the process in 2, must have passed invisibly from ~ to 
nm, through the intermediate substance c. Or, if the water 
was decomposed in , then the reverse process must have 
happened with respect to the oxygen; and it must have 
been transmitted, in a like imperceptible manner, from 7 to 
p. Facts of this kind, evincing the transference of the 
elements of a combination, to a considerable distance, through 
intervening substances, and in a form that escapes the cog- 
nizance of our senses, however astonishing, it will appear from 
the sequel, are sufficiently numerous and well established. 
Different chemical compounds require, for the disunion 
of their elements, galvanic arrangements of various powers 
and intensities. The decomposition of water is easily effected 


4 Nicholson’s Journal, dto. iv. 276, 
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-by»a series of fifty pairs wr: plates, each one or.two inches 
square. But for those which remain to be described, instru- 
ments of much greater power are necessary.» 

The apparatus, employed in the masterly experiments of 
Sir H. Davy, which have laid the groundwork of this new’ 
field of science, was extremely seaples In cases, where 
liquid substances were operated upon, he employed occa- 
sionally the agate cups p and Ns fig. 80, each of which was 
capable of alata about sixty grains of water. : They were 
connected together, as shown in the figure at a, by the fibres 
of a peculiar flexible mineral called amianthus; and into 
each was inserted a platina wire, the bent extremity of which 
is seen, in each figure, projecting above the cup. When 
the vessels were in actual use, the wire of f was connected 
with the zinc or positive end of a powerful galvanic series; 
and that of x with the copper or negative extremity. For 
the agate cups two hollow gold cones were occasionally 
substituted ( and », fig. 81), the wire projecting from p 
being connected with the positive, and that from 2 with the 
negative end of a trough or series of troughs. Solid bodies 
were submitted to the galvanic influence, either by im- 
mersing small pieces of them int. €gold cones; or, at other 
times, by making the cups themselves of the substance in-» 
tended to be decomposed. Orif it was desirable to preserve 
them from contact with water, they were laid on a small 
insulated dish of platina, with the inferior surface of which, 
immediately under the substance used, a wire from one end — 
of the battery was connected, while the substance itself was 
made to communicate by another wire, with the Senpaite, 
extremity of the apparatus. 

When the gold cones were both filled with a woletiit of 
sulphate of potash (a salt composed of potash and sulphuric 
acid), after exposure, during a sufficient time, to a powerful 
galvanic arrangement, purc posash was found in the negative 
cone 7, and sulphuric acid in the positive cone p. The 
decomposition was even quite complete; for the liquid in 

contained no acid, and that in p no alkali. 

The experiment was repeated with several other risitial 
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‘salts*; and with the invariable result, that the acid collected 
in the positive cone, and the alkali in the negative one. 
Strong solutions, or those in which the salt bore a con- 
siderable proportion to the water, were more rapidly acted 
upon than weak ones. Metallic salts were, also, decomposed. 
The acid appeared, as before, in the positive cone, and the 
metal was deposited, sometimes with a little oxide, in the 
negative one. 
Salts, which are either insoluble, or very sparingly soluble, 
In water, had their elements disunited in the following 
manner. Cups were constructed of them, precisely resem= 
bling the gold cones, which; as the salts were hard_and 
compact .in their texture, was easily effected. ‘These, after 
being filled with water, were connected, by platina wires, 
with the opposite ends of a galvanic battery, the vessels. 
‘themselves communicating, as before, by means of moistened 
amianthus. At the conclusion of the experiment, sulphuric 
acid (when the cups were made of sulphate of lime) was 
found in the positive cup, and lime water in the negative 
‘one. Sulphate of strontites, fluate of lime, and sulphate of 
‘barytes were decomposed, though less easily, by the same 
‘expedient. ‘In ‘all these cases the acid element was found 
at the positive side, and the earthy one at the negative side, 
of the arrangement. | | 
These fait eyidently point out a tinnhireaice of the ele- 
ments of combinations from one electrified vessel or surface 
to another differently electrified. But the principle is made 
much more apparent by a little variation of the experiment. 
‘Thus, if solution of sulphate of potash be electrified in the 
positive cone p, water alone being contained in 2, after a 
sufficient continuance of the electrical action p will be found 
‘to contain diluted sulphuric acid; and the potash will be 
- discovered in the water of x. The alkali must necessarily, 
‘therefore, have passed, in an imperceptible form, along the 


* Minute directions for exinbiting the transfer of acid and alkali, by 
means of a power not exceeding thirty pairs of two inch‘plates, are given 
“by Mr,Singer, ((Nicholson’s Journal, xxiv. 178.) 


3 


' ghor. rir. ELECTRO-CHEMISTRY. | 19s 


- eennecting amianthus from the vessel p to the vessel. 
Reversing the experiment, and filling with solution of 
sulphate of potash, the alkali remains in this cone, and the 
acid is transferred to the opposite side p. In one experi- 
ment, inwhich nitrate of silver was placed in the positive 
cup, and pure water in the negative one, the whole of the 
«connecting amianthus was covered with revived silver, 

In the farther prosecution of the inquiry, Sit H. Davy 
succeeded in discovering a still more extraordinary series of 
facts. When an intermediate vessel (i, fig. 82) was placed 
between the positive and negative cups p and n, and was 
connected with both of them by moistened amianthus, it 
avas found that acids may actually be made to pass from 7 
to p, through the intermediate solution in 7, without com- 
bining with it. ‘Thus, solution of sulphate of potash being 
put into the negative cup 7, solution of pure ammonia into 
4, and pure water into #, in half an hour sulphuric acid was 
found in the water ofthe positive cup, to haye reached which 
it must hhave been transferred from n through the inter- 
mediate solution of ammonia. Muriatic acid, also, from 
muriate of soda, and nitric acid from nitrate of potash, were 


_. transferred from the negative to the positive side through 


an interposed solution of alkali, And eontrariwise, alkalis 
and metallic oxides were transmitted from the positive to 
the negative side, through intervening solutions of acids. 

It.is necessary, however, that the solution, contained in 
the intermediate vessel 7, should not be capable of forming 
an insoluble compound with the substance intended :to be 
transmitted. through it. ‘Thus sulphuric acid, in its passage 
from sulphate of potash in the negative cup, through the 
vessel 2 containing a solution of pure barytes, is detained 
iby the barytes, and falls down in ‘the state of an inncleiute 
«compound with that earth. 

‘Bodies, the composition of which is considerably more 
complicated, are, also, decomposed by galvanic electricity, 
Thus from certain minerals, containing acid and alkaline © 
‘natter in only very minute proportion, these ingredients 
are separately developed. Basalt, for example (a kind of 

YOL. I. QO 
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stone which, in 100 grains contains only 33 grains of soda 
and half'a grain of muriatic acid), gave, at the end of ten 
hours, evident traces of alkali round the negative, and of 
acid round the positive wire. A slip of glass, also, nega- 
tively electrified in one of the gold cones, had soda detached 
from it, and sustained a loss of weight. 7 

It may now be understood, why, by the agency of in 
vanism on water, alkali appears at the negative and acid at 
the positive wire. The fact was, for some time, not a little 
perplexing to Sir H. Davy; till, at length, he ascertained 
that all water, however carefully distilled, contains neutral 
salts in a state of solution. From these impurities, the 
alkaline and acid elements are separated, agreeably to a 
law, which has already been explained. In the same way, 
also, the muriatic acid and alkali are accounted for, which 
some chemists have obtained. by galvanizing what was before 
considered as pure water; a fact which has been urged in 
proof of the synthetical production of both those bodies. 
Absolutely pure water, it has been demonstrated by Sir 
H. Davy, yields nothing but hydrogen and oxygen gases. _ 


All the effects of galvanic arrangements, in. producing » 
chemical decompositions, it has been found, may be obtained 
by ordinary electricity. Its adaptation to this purpose was 
first successfully attempted by Dr. Wollasten*. The ap- 
paratus, which he employed, was similar to that already 
represented (fig. 77, a), excepting that the wires, instead of 
_ being exposed to the fluid, contained in the tube, through- 
out their whole length, were covered with wax, and the 
points only were laid bare. Or (what was found to answer 
still better) the wires were inclosed in capillary tubes, which 
were sealed at their extremities, and then ground away, t till 
the points alone were exposed. The conducting wires, thus 
arranged, were then introduced into a tube, or other vessel 
containing the liquid to be operated on, and were connected, 
the one with the positive, the other with the negative, con- 


* Philosophical Transactions, 1801. 
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“ae of an Bitirieal machine, disposed for positive and 
negative electricity *. When solution of sulphate of copper 
was thus electrized, the metal was revived round the nega- 
tive pole, On reversing the apparatus, the copper was re- 
dissolved, and appeared again at the other wire, now ren- 
dered negative. 

When gold wires, from +1, to +55 of an inch in dia- 
meter, thus inclosed, were made to transmit electricity, 2 
succession of. sparks afforded a current of gas from water. 
When a solution of gold in nitro-muriatic acid was passed 
through a capillary tube; the tube then heated to drive off 
the acid; and afterwards melted and drawn out, it was found 
that the mere current of electricity, without sparks, evolved 
gas from water. __ 

Sir H. Davy has since proved that a a similar appara- 
‘tus, solution of sulphate of potash is decomposed, potash 
appearing at the negative, and rolphoMe acid at the positive 
pole t. | 


SECTION IV. 
Theory of the Changes produced by Galvanic Electricity. 


A Fact of considerable importance in explaining the 
phenomena that form the subject of the last: section was 
discovered several years ago by Mr. Bennett, and has since 
been confirmed by the experiments of Volta and Davy. 
Different bodies, it is found, acquire, when brought into 
contact either by their whole surfaces or by a single point, 
different states with respect to their quantities of electricity. 
The best method of performing the experiment is to take 
two discs or plates, the one of copper, the other of zinc, 
. each about four inches diameter, and furnished with an in- | 
sulating glass handle; to apply them for an instant to each 


* ae Cuthbertson’s Practical Electricity. 
+ Philosophical Transactions, 1806. 
o2 
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other by dhein flat faces; and afterwards, to bring therm Be 
parately into contact with the insulated plate of the com 
densing electrometer. The instrathent indicates, by the 
divergence of its gold leaves, the electricity acquired by. 
each of the plates, which in the zine plate is showh to be 
positive, and in the copper plate negative *. ad 

It. had been éstablished, also, by Sir H. Davy, in ten, 
that when & galvanic arrangement of the second Rind is Con 
structed, by alternating metallic plates with strata of different 
| fluids, alkaline solutions always réceive electricity from the 
fetal, and acids on the contrary transmit it to the metal. 
When an Pear for sit is made of Water, 
from the tin to the alkali. Buti in an arrangeMaheet nitric 
acid, tin, and water, the circulation of electricity is from 
the acid to the tin. df then the alkali, after having acquired 
electricity frora the metal, could be suddwaly separated from 
the combination, there can be no doubt that it would be 
found in a positive state. For the contrary reason, the acid, 
having given electricity to the metal, must, if it could be 
detached, be found negative. . 

Still more oaitintalenoet evidente has been sincé é obtained 
of the electrical state of the acids and alkalis, by examin- 
ing what kind of electricity they ifmpart to an insulated 
metallic plate. Various dry acids, being touched.on an ex- 
tensive surface by a plate of copper insulated hy a glass 
handle, the copper was found after contact to have become 
positively electrified, and the acid negatively. On thecons 
trary, making the experiments with dry ‘earths.in.a-simar 
manner, . the ‘metal became negative. - The alkalis gave Jess 
distinct results owing to their attraction for moisture. 
Bodies, moreover, possessing opposite . electrical energies 
towards one and the same body, are found to possess them 
with regard to- each other. ‘Thus when lime and oxalic © 
acid were brought into contact, the earth was found te ‘be 


* Volta, in Nicholson’s Journal, ‘8vo.4. 196. Waftkiifson, 11, 40, 50, 
131. Cuthbertson, 267, 


SECT. IV. ELECTRO-CHEMISPRY. 197 


positive, and the acid negative. Sulphur appears to be in 
the positive state. Oxygen, judging from those compounds 
in which it is loosely combined, is Beane and hydrogen, 
by the same test, positive. 

Now, if the common laws of electrieal attraction and 
repulsion operate, as there is every reason to believe they 
must, among bedies so constituted, it will follow that hy- 
drogen, the alkalis, metals, and oxides, being positively 
electrified, will be repelled by surfaces whieh are in the same 
state of electricity as themselves, and will be attracted by 
surfaces that are negatively electrified. And, contrariwise, 
oxygen, and the acids (in eonsequence of the oxygen they 
contain), being in a negative state, will be attracted by 
‘positive surfaces and repelled by negative ones. 

To apply. this theory to the simplest possible case, the 
decomposition of water, the h drogen of this compound, 
being itself positively electrified, is repelled by the positive 
wire and attracted by the negative one; while, on the con- 
trary, oxygen, being negative, is vupeitea by the negative 
wire, and attracted ‘by the positive one. In the case of 
neutral salts, the negative acid is attracted by the positive 
wire; and the positively electrified alkali by the negative wire. 

‘Thus then a power has been discovered, superior in its 
energy to chemical affinity, and capable either of counter- 
he it, or of modifying it according to circumstances. 
The chemical attraction. between two bodies may be de- 
stroyed, by giving one of them an electrical state opposite 
to its. natural one; or the tendency to union may be in- 
creased, by exalting the natural electrical energies. - 

All bodies, indeed, that combine chemically, so far as 
they have hitherto been examined, have been found to pos~ 
sess opposite states of electricity. Thus copper and zinc 
are in opposite states to each other; so are gold and mer- 
cury 5 sulphur and metals, acids and alkalis. By bringing 
two bodies into the same electrical state, which were before 
eapalle of union, we destroy their tendency to combina- 
tion. ‘Fhus zinc or iron, when negatively electrified, will 
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not unite with oxygen. Higete after combination, it is 
thought by Sir H. Davy not improbable, that bodies may 
still retain their peculiar states of electricity. If oxygen 
prevail, In any compound, over the combustible or positive 
base, the compound is negative, as in certain metallic 
oxides. But the combustible ingredient may be in such pro- 
portion, as to predominate, and to give to the compound a. 
positive energy. When precise neutralization is attained, 
bodies that had before exhibited electrical sia are de- 
prived of this property. | 
~ Itisan interesting question, but one biah can coated 
be determined in the present state of the science, whether. 
the power of electrical attraction and repulsion be identi- 
cal, as Sir H. Davy has suggested, with chemical affinity ; 
or whether it may not rather be considered, like caloric, as 
a distinct. force, which only modifies that of chemical at- 
traction. On the former hypothesis, two bodies, which 
are naturally in opposite electrical. states, may have these 
states sufficiently exalted, to give them an attractive force 
superior to the cohesive affinity opposed to their union ; and 
_acombination will take place, which will be more or less 
energetic, as the opposed forces are more or less equally. 
balanced. Again, when two bodies, repellent ofeach other, 
act upon a third with different degrees of the same electris 
cal energy, the combination will be determined by the de- 
gree. Or, if bodies, having different degrees of the same: 
electrical energy with respect to a third, have likewise dif- 
ferent energies with respect to each other, there may be 
such a balance of attracting and repelling forces as to pro- 
duce a triple compound. | 

This hypothesis, it is remarked by Sir H. Davy, agrees 
extremely well with the influence of mass, which has been. 
so well illustrated by Berthollet; for many particles, acting 
feebly, may be equal in effect to fewer acting more power~ 
fully. Nor is it at all contradictory to the observed influ- 
ence of caloric over chemical union; for an increase of — 
temperature, while it gives greater freedom of motion to. 
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the particles of bodies, exalts also their electrical energies. 
This Sir H. Davy ascertained with respect to an insulated ~ 
plate of copper and another of sulphur, when heated below 
212° Fahrenheit; and at a still higher temperature these 
bodies, as is well known,- combine with the extrication of 
heat and light, the usual accompaniments of intense che- 
mical action. 

On the supposition that electricity is a force, which only 
modifies the action of chemical affinity, we may regard it, 
when it promotes combination, as producing this effect by 
counteracting cohesive attraction. When it impedes com- 
binations, or destroys those which are already formed, it 
probably acts as a force co-operating with elasticity. | 


SECTION V. 
Theory of the Action of the Galvanic Pile. 


Two theories have been framed to account for the phe- 
nomena of the Galvanic Pile, and of all similar arrange- 
ments. The first, originating with Volta, was suggested 
by the fact, which may be considered, indeed, as funda- 
mental to it—that electricity is excited by the mere contact 
of different metals. Whena plate of copper and another 
of zinc are made to touch by their flat surfaces, as was 
stated in the last section, the zinc, after separation, exhibits — 
‘positive electricity, and the copper negative. It is natural, 
therefore, toconclude that a certain quantity of electricity 
has moved from the copper to the zinc. On trying other 
metals, Volta found that similar phenomena take place; 
and by a series of experiments he was led to arrange their 
powers in the following order, it being understood that the 
first gives up its electricity to the second; the second to the 
third; the third to the fourth, and so on. . 
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Silver, Reine ; 
Copper. 3 nag 
ds api calbay tein Tron.) + ere 
| Lead. 
Zine: 


The metals, then, have been denominated by Volta, from | 
this property, motors of electricity ; and the process, which 
takes place, electro-motion, a term since sanctioned by the 
adoption of it by Sir H. Davy. | 3 

. It is on this transference of electricity from one ager to 
shother by simple contact, that Volta explains the action 
of the instrument discoyered by himself, and of all similar 
arrangements. The interposed fluids, on his hypothesis, 
have no effect as chemical agents in producing the pheno- 
mena, and act entirely. as conductors of electricity. With- 
out disputing, however, the. accuracy or value of the facts 
which suge vested his theory; it is sufficient fori its refutation 
that it is irreconcileable with other phenomena ; and espe- 
cially with the observation, that the chemical agency of the 
liquids, on the more oxidizable metal of galvanic arrange- 
ments, is essentiiil to theii sustained activity. It has been 
proved, indeed, that the pheriomena® begin and terminate 
with the oxidation ; and that the energy of the pile bears a 
pretty accurate proportion to the rapidity of the process. 
Hence it seems, on first view, an obvious inference, that 
the oxidation of the metal is the primary cause of the evo- 
lation of electricity i in galvattic arrangements. It has been 
proved, however, that it is tot necessary to the excitement 
of electricity, that the atnalgam should be oxidated; for 
the machine contitiues +6 act when inclosed in hydropea: 
gas ot carbonic acid; and the electric column of M. de Luc 
is coiposed of dry substances, | 

But though the chemical agency of the fluids which are 
einployed is now adtnitted, on all hands, to be essential to 
the excitement of this kind of electricity, yet it is by ng 
imeans universally orcs that we are to consider it as the 
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first in the order of phenomena. It has been suggested by 
Sir H. Davy, as a correction of the theory of Volta, that the 
électro-motion, occasioned by the contact of metals, is the 
primary cause of the chemical. changes; and that these 
changes are in no other way efficient, than as they restore 
the electric equilibrium. To explain this, let us suppose 
that in any three pairs of plates ofa galvanic trough, the zinc 
plates z 1, 22, z 8 (fig. 78), are in the state of positive, 
and the copper plates ¢1, c 2; 8, in that of negative elec- 
tricity. The liquid, in any cell after the first, will be in 
contact, on the one side, with positively electrified zinc, 
and on the other with negatively electrified copper. And 
if the elements c composing the fluid be themselves in dif- 
_ ferent states of electricty, the negatively electrified element 
__ will be attracted by the zinc, and the positively electrified 
element by the copper. Thus when solution of muriate of 
soda in water is the fluid, the oxygen and the acid will pass 
to the; zinc or positive plate, and the alkali to the copper 
one; while the hydrogen, having no affinity for copper, 
"escapes. The electric equilibrium will be restored, but 
only for a moment; for, as the interposed fluid is but a 
very imperfect conductor of electricity, the zinc and copper 
plates will, by their electromotive power, again assume 
their states of opposite electricity; and these changes will 
go on, as long as any muriate of soda remains undecom- 
posed. In a Voltaic arrangement, therefore, the electrical’ 
“energies of the metals with respect to each other, or to the 
substances dissolved in water, are the causes disturbing the 
equilibrium ; ; and the chemical changes are the causes that 
restore it. 

No theory of the galvanic pile, however, can be consi- 
dered as complete, that does not account for the accumula- 
tion of electricity at the zinc end of the apparatus. On the 
theory that the oxidation of the zinc is the source of the 
evolved electricity, the fact has been ingeniously explained 
by Dr. Bostock. He takes it for granted that the electric 
fluid has an affinity for hydrogen; and supposes that the 
_ electricity, evolved at the surface of the first zinc plate, is 
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carried, united to hydrogen, through the fluid of the cell’ 
to the opposite copper plate. Here the hydrogen and elec- 

tricity separate; the former flies off in the state of gas, and 

the latter passes outwards to the next zinc plate. Being in 
some degree accumulated in this plate, it is disengaged by 

the action of the fluid in a more concentrated state thanx 
before.’ And in the same manner, by multiplying the num- 

ber of pairs, it may be made to exist, in the zinc end of the 

pile, in any assignable degree of intensity. 

On this theory, the electricity evolved is actually. gene- 
rated by the chemical action of the interposed fluids on 
every zinc plate of the series ; and its accumulation is the ag- 
gregate of what is thus evolved. The concentration, which. 
takes place at the zinc end of the arrangement admits, how- 
ever, of being explained by the hypothesis of Volta, especi- 
ally as modified by Sir H. Davy. ‘Taking the first cell as 
an example, the fiuid interposed between the positive zinc. 
plate x1, fig. 78, and negative copper plate ¢ 2, being it~ 
self a conductor of electricity, must in time produce an | 
equilibrium between these two plates; but this can only be 
done by the passage of a certain quantity of electricity, 
across the fluid.. The absolute quantity of electricity will, 
therefore, be diminished in the first pair, and increased in: 
the second. In like manner, the second zinc plate will: 
give up part of its electricity to the third copper plate, and 
the second pair of plates will be deprived of part of its elec-; 
tricity. The electricity, thus lost by the second pair, it 
will regain from the first pair of plates. By multiplying,. 
in this way, the number of plates, every successive pair, as 
we advance in the series, has a tendency to diminish. the, 
quantity of electricity in the first; and to have its own 
state of electricity proportionally exalted. dete 

When a communication is made between two extremities. 
of a series, for example between x° or its contiguous cell, 
and ¢*, the opposite electricities tend to an equilibrium. 
The third pair gives up ashare of its electricity to the first; 
and the intermediate pair, being placed between equak:. 
forces, remains in equilibrio. Hence, in every. galvanic). 
: 3 
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arrangement, there is a pair of plates at the centre, which: 
is in its natural state of electricity. The effect of such a 
communication must necessarily be to reduce the pile toa’ - 
state of inactivity, if there did not still exist some cause 
sufficient to destroy the equilibrium. On the hypothesis of. 
Volta, this can be nothing else than the property of electro-. 
motion in the metals, wrce originally produced its ater 
turbance. ; 

Such are the hypotheses that have been framed to explain 
the phenomena of the Voltaic pile. In the present state of 
the science, neither of them is entitled to be received as 
altogether satisfactory; and I have stated them rather with 
the view of exciting than of satisfying inquiry*. On the 
_ theory of galvanic electricity, it only remains to point out 
its difference from the electricity developed by ordinary pro- 
cesses; and to explain the different effects, which are pro- 
duced by varying the size of the pines in galvanic arrange-- 
ments, 

Though the identity of common and galvanic electricity 
appears to be sufficiently established, yet in some of their 
phenomena, which have already been described, there is a 
considerable difference. ‘To explain these, it was long ago 
suggested by Mr. Nicholson +, that the electricity, excited 
_ by the common machine, is developed in much smaller. 
- quantity, but in a higher state of concentration or inten- 

sity than the electricity of galvanism. Hence, its velocity. 
is much more rapid; and’ hence it readily passes through 
plates of air and other non-conductors, that are scarcely per- 
-meable by galvanic electricity. By virtue of the same pro-+ 


* The reader, who wishes to pursue the subject, may consult an essay 
by the author, in the 35th vol. of Nicholson’s Journal, p.259; Mr. De 
Luc’s papers, vol. 32, p.271, and vol. 36, p.97;° Mr. Singer on the 
Electrical Column, vol. 36, p. 373, and his work on Galvanic Electricity; . . 
Dr. Bostock’s Essay in Thomson’s Annals, 111,32 ; Sir H, Davy’s chapter . 
on Electrical Attraction and Repulsion, in his Elements of Chem, 
Philos. p.125; and the 1st vol. of Gay Lussac and Thenard’s Re- 
sherches. — a 

t Seg his Journal, 4to. iv. 244. 
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perty it disperses the metals in the form of smoke; while 
the utmost effect of a Voltaic arrangement is to melt them 
into globules. By doubling the quantity of galvanic elec- 
tricity, ‘also, we ignite only a double length of metallic 
wire, and the ignition is more permanent; but the intensity 
of common electricity is such that by doubling its quantity 
weignite four times {the length of wire, and the effect is 
little more than momentary *. 

The comparative quantities of electricity ovetoua by the 
common machine and by a Voltaic apparatus, have been 
made a subject of calculation by Mr: Nicholson. A’ pile 
consisting of 100 half crowns, with the same number of 
pieces of zinc, produces, he found, 200 times more electri- 
city than can be obtained, in an equal time, from a 24 inch 
plate machine in constant action. Van Marum has, also, - 
observed that a single contact of a Leyden jar or battery 
with a Voltaic pile charges it to the same degree, as six 
contacts with the prime ebhduttot of a powerful machine. 

It might naturally be expected that a proportion would 
be observed between the quantity of surface composing 
galvanic arrangements, and their power of action; and 
such, with some limitation, is the fact. "With plates of the 
same size, the effect, generally speaking, is proportional to 
the number. But by enlarging the size, without increasing 
the number, neither the shock nor the power of decom- 
posing water and other imperfect conductors, is propor- 
tionally increased. A remarkable proof of this is, that 
Mr. Children’s great battery of 20 double plates, 4 feet by 
2, had no more effect on the human body, or in decom- 
posing water, than a battery containing the same number 
of small plates. On the contrary, to obtain a great in- 
crease of effect in the combustion of metals, it is necessary to 
enlarge considerably the size of the plates. Thus 100 plates 
of four inches square produce, in this way, an incompar ‘ably 
greater effect, than the same surface divided into four times 
the number, , | 


ee 


* Cuthbertson, page 276, 
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The effect of multiplying ‘the number of plates, it has 
already been observed, is, that we obtain electricity of a 
higher intensity, and it: was supposed by Volta * that the 
proportion is, as nearly as can be judged, an arithmetical 
one. If, for example, we have a certain intensity with 20 
pairs, it should be doubled by 40, trebled by 60, and so 
on. It has been shown, however, by Sir H. Davy +, that 
by increasing the number of plates, the quantities of | 
gas, evolved from water, were nearly as the squares of the 
numbers. By a sufficient increase, the most astonishing ef- 
fectsmay be produced. Thus the combination belonging 
to the Royal Institution, which contains 2000 double plates, 
each having a surface of 32 square inches, when in action, 
melts Diatina’ as easily as wax is melted by a candle, and 
fuses quartz, the sapphire, lime, and magnesia. By en- 
larging the size, without increasing the Siutitber: ‘it has also 
been shown that we gain, not in intensity, which remains 
exactly the same, but in quantity. Now, for the combustion 
of metals what we principally want is a large quantity of 
electricity; for as they are perfect conductors, it finds a 
ready passage through them even when of low intensity. 
On the contrary, to find its way through fluids and other 
imperfect conductors, it must.be evolved in a high state of 
concentration. The facts, therefore, accord sufficiently welk 


with the explanation, to entitle it to be received as a pro-— 
hable hypothesis. 


* Nicholson’s Journal, 8vo. i. 139. 
>. f Elements of Chem. Philos. p. 155. 
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: ALKALIS. 


Tre alkalis, in their pure state, are the products of is 
mical operations, which will be described in the sequel. 
They are distinguished by the following _ | 


General Qualities. 


The properties, common to all the three alkalis, may be 
shown by those of a solution of pure potash. — 
_ (a) The alkalis change vegetable blue polouts. as that of 
~ an infusion of violets, to green. _ 
(b) They have an acrid and peculiar taste. 
_ (c) They serve as the intermedia between oils and water. 
(d) They corrode wollen cloth; and, if the solution be 
3 sufficiently strong, reduce it to the form of a jelly. 
__(e) They are readily soluble in water. 
_ (f) The two fixed alkalis unite Nai water, and form 
solid hydrates. | 


SECTION I. 


“Pure Potash and pure Soda. | 


“Ant. 1.—Their Preparation and General Qualities. 


To prepare pure potash, dissolve any quantity . of Ame- 
rican or Dantzic pearlash in twice its weight of boiling 
water, and add the solution, while hot, to an equal weight - 
of fresh quicklime, slaked with six times its weight of hot 
water. Boil the mixture in an iron kettle, and continue — 
stirring during half an hour. . Then separate the liquid 
alkali, either by filtering through calico or by subsidence ; 
and boil it to dryness in a diver dish. Pour, on the dry 
mass, as much pure alcohol as is required to dissolve it ; 
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put the solution into a bottle, ‘and let the insoluble part 
settle to the bottom. Then decant the alcoholic: solution 
. of potash; and distil off the alcohol in an alembic* of pure 
silver, furnished witha glass head. Pour the alkali, when 
in fusion, upon a silver dish, and, when cold, break it into 
pieces, and preserve it in a well-stopped bottle. If the dis- 
tillation of the alcohol be not carried so far, the alkali:will — 
shoot, on cooling, into-regular ops, isiagiarsrea 53 il 
cent of, water. 

From the electro-chemical researches af Sir H. Davy, it 
- appears that potash is not completely deprived of carbonic 
acid, by any process hitherto employed for its preparation t. 
Probably the method suggested by Darcet, of removing 
the last pottions of carbonic acid from an alkaline liquor 
by solution of barytes, after the ene action of lime, would 
be found effectual. | 

In the same mode may pure soda be prepared aren 

tuting the carbonate of soda for the pearlash. 

These alkalis have the following properties : 
(a) They powerfully attract moisture from the atmo- 
sphere, or deliquiate. 
- (b) They readily dissolve in water, and produce heat 
during their solution, if the fused alkalis be employed; but 
the crystallized alkalis generate cold, when dissolved. 

(c) They are not volatilized by a moderate heat, and 
hence have been called fixed alkalis.” 

_ (d) When melted with silex, in proper pr oportions gia 
by a sufficient heat, they form glass. 


| — Hydr ated Aas, 


It is necessary to observe that the alkalis, even after being 
_ kept some time in fusion, contain a quantity of water in 
the state of combination ; ; in other words, are hydrates. 
a discovery apps to be due to Darcet, who has esta- 


* The bisahe of an anges may be seen in ibe i, fig. 2, 
+ Philosophical Transactions, 1808, 355. 
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bliched his claim very satisfactorily ¥, ‘Various proportions 
of water and alkali have been assigned to these compounds. 

Berthollet, in the 2d vol. of the Mémoires @’ Arcueil; states 
that 100 parts of solid potash contain 134 parts of water; 
but Sir H. Davy + has raised it as high as from 17 to 19 
per cent; and Gay Lussac and Thenard allow about one 
fifth of water in solid potash. One possible source of fal- 
Jacy is, that if the alkali contain soda, the.proportion of 
water will appear too great; because that alkali combines 
with more water than potash. If, as Mr. Dalton suspects, 
‘the hydrate of potash be a compound of 1 atom of potash 

+ l atom of water, its atom should weigh 56.5; and it 
ought to be composed of | 

84.9 potash] [84 


15.1 water § @ is 
100 : 100 


Ha it is remarkable, that according te the taeoreties 
view of Berzelius, potash, to become a hydrate, requires a 
quantity of water containing precisely as much oxygen, as 
exists in the alkali united with potassium; that is, 100 
‘parts of the hydrate should contain 16.16 of water 4, 

There is also considerable difference in the statements: 
respecting Hydrate of Soda. Berard makes it contain 
18.86 per cent of water; Darcet 283 and Sir H. Davy 
from 23 to 25§. Ifthe atom of.soda weigh, as Mx, Dalton 
supposes, 28, and if the hydrate consist of 1 atom of soda 
+ 1 atom of water, the atom .of hydrate of soda :should 
wei e 36.5, and the hee should be composed of 
anne “76:7 soda 

23.3 water 


en 


100. 


In these instances, the theoretical view, and the Pa prac- 
tical result, confirm each other. 


* 71.Ann, de Chim..202. st Elements, ,p.0826. 
{ 82 Ann. de Chim, p. 11. _ § .Phil. Trans. 4844, 
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It is often of importance to. know the quantity of real 
alkali, contained in solutions of different specific gravities, 
The following Tables have been constructed by Mr. Dai- 


ton from his own experiments, conducted with great at- 
tention to TeeTAEY 


1. Table oF the Quantity of Real Potash in watery Solutions 
| _ of different Specific Gravities. 


Atoms of} Potash {| Potash 
Potash | percent. | percent. Specific Congealing Boiling 


Water. | by weight. |by measure. Gravity. | point, point. | 
1+ 0/100 .j- 240 24 unknown.|unknown. 
i+ 1] 84 185 98 1000° red heat. 

i+ 2) 724 145 2.0 500° 600° 

1+ 3| 63.6 119 1.88 340° | 420° 

i+ 4\| 56.8 101 1.78. 220° 360° 

4+ 5) 51.2 86 1.68 150° 320° 

1+ 6} 46.7 75 1.60 100° 290° 

I+ 7] 42.9 65 | 1.52 10°" | | 276? 

1+ 8} 39.6 58 1.47 50° 265° 

1+ 9) 368 53 1.44 40° 255° 

1+ 10 34.4: 49 1.42 . 246° 

| 39.4 45 | 1.39 24.0° 

29,4 40 |. 1.36 934° 

96.3 $5 1.33 229° 

23.4: 30 | 1.28 go4° 

19.5 | ~ 25° 1.23 220° 

16.2; P20 1.19 218° 

215 a ES 1.15 215° 

9.5. 10 1.11 pees NG 


: hy das ee 1.06 he ZLs., 


VOL.I. . a P 
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2. Table ie of. the Dae Real Suda in “watery, eh rl 


of, arent, Speci: Krai At WOM SES 
Atningiefltl Soda" ; 
Soda. | per _ “Sele Spe ecific Joxageanay Boiling” 
Water. | by weight. |by measure. SrravaGy: point. point. 
Lh +0>-} 100’ «| 230? | 2.302 | 2000%: lunknowm. 
1+1 77.8, | 1562. }) 2 o4..600° | red hot. 
1+2 | 63.6 118 1.85 250° 600° . 
8159-8 93 er WN HO BEA a “400° 
Le) 146.6. by! Abate) |e || OOee Tl per 
PHS) 41201) 64M" 1.56" Sa PS OBOR 
1+6 | 368 | 55 -| 1.50 265° 
Ps i aay cea alae a} 1.47. nyt ( SpBSg 
31 AS 144] i. me |) 2482 
29 40 1.40. ) 249° | 
26 35 1.36 403 235° 
23 Sau" 11 Gee 228° 
| 19 25 1,29. 224° 
+ 16 20. 1.23. 220° 
| 13 15. 1.18, 217° 
| 9 10 1.12. 914° 
AT 5 1.06. 213° 


Anr. 2.— Analysis of the two Jixed Alkalis. 

Though it had long been conjectured * that the fixed 
alkalis are not simple or elementary bodies, yet no distinct. 
evidence had been obtained of their nature, until, in the 
year 1807, it was furnished - by the splendid discoveries of 
Sir H. Davy. From the facts which have been stated in a 
former section respecting’ the powers of electrical decom- _ 
position,. it appeared to.t fi philosopher a natural inference 
that the same powers, applied in a state of the highest pos- 
sible intensity, might disunite the elements of bodies, which 
had resisted all other instruments of analyis. If potash, 
for example, were an oxide, composed of oxygen united 
to an inflammable base, it seemed to him probable, that. 


* See Philosophical Magazine, xxxil. 18, 62. 


SECT.Ie > ANALYSIS OF FIXED ALKALIS, 211 
whensubjected to the action of opposite lettricitied, the 
oxygen would be attracted by the positive wire and repelled 
by the negative. ‘At the same time, the ‘reverse process 
might. be expected to take place with respect to the com- 
bustible base, the appearance of bests might be looked for 
at the negative pole. 

In his first experiments, Sir H. Davy fuiled: to effect the 
decomposition of potash, owing to his employing the alkali 
in a state of aqueous solution, and to the expenditure of the 
electrical energy in the mere decomposition of water. In — 
his next trials, the alkali was liquefied by heat in a platina 
dish, thé outer surface of which, immediately under the 
alkali, was connected with the zinc or positive end of a 
battery consisting of 100 pairs of plates, each six inches 
equare. In this state, the potash was touched with a platina 
wire’ proceeding from the copper or negative end of the 
battery; when instantly a most intense light was exhibited 
at the negative wire, and a column of flame arose from the 
point of contact, evidently owing to the development of 
combustible matter. ‘The vesulise of the experiment could’ 
not, however, be collected, but were consumed riers 
on being formed. 

The chief difficulty in subj ecting potash to eddies action 
is, that in a perfectly dry state it is a complete non-conductor 
of electricity. When rendered, however, in the least degree 
moist by breathing on it, it readily undergoes fusion and 
decomposition,’ by the application of strong electrical pow- 
ers. * For this purpose, a piece of potash, weighing from 60 
to 70 grains, may be placed on a small insulated plate of 
platina, and may be connected; in the way already described, 
with the opposite end of a powerful electrical battery, con- 
taining not less than 100 pairs of six inch plates. On 
establishing the connection, the potash will fuse at both 
places where it is in contact with the platina. A violent 
effervescence will be seen at the upper surface, arising as 
Sir H. Davy has ascertained, from the escape of oxygen gas. 

- At the lower or negative surface, no gas will be liberated ; 
“but small bubbles wil appear, having a high metallic lustre, 
PR 2 
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and being precisely similar in visible characters: to quick- 
silver. Some of these globules burn with an explosion and 
bright flame; while others are merely tarnished, and are 
protected from farther change by a white film, which forms 
on their surface *. 

This production of metallic globules i is sited indepen: 
dent of the action of the atmosphere ; for Sir H. Davy finds 
that they may be produced tn vacuo, 

Pure soda gives similar results ; but its deebaiapercen is 
mands a greater intensity of action. The quantity of soda 
should not exceed 15 or 20 grains; and the distance between 
the platina surfaces must be reduced from + to 1 or 4}, of | 
aninch. The metel from soda docs not, like thet past pot- 
ash, continue fluid at the temperature of the atmosphere; 
but speedily becomes solid, and bears a considerable resem- 
blance to silver. When the electrical power is much in- 
creased, globules of the metal fly with great velocity through 

‘the air, in a state of vivid combustion, producing bpaitites 
jets of fire, : 

To preserve these new substinees; it is necessary to im- 
merse them immediately in pure naphtha, a fluid which will 
be described in a subsequent part of the work. If they are 
exposed to the atmosphere, they are rapidly converted back 

_again into the state of pure potash or pure soda. To pre- 
vent their oxidation still more effectually, Mr. Pepys has 
proposed to produce them under naphtha; and has contrived 
an ingenious apparatus for this purpose, which is described — 
int the 31st volume of the Philosophical Magazine, page 243. 

When the globules, obtained either from potash or soda, 
are exposed to the action of air over mercury in graduated 
glass tubes, an obsorption of oxygen happens; and a crust — 
of alkali is formed on the surface, which defends the interior 

from farther change. When heat is applied to the globules 
similiarly donsndd, a rapid combustion ensues, attended 
with a brilliant white flame. ‘The globules’are found, after 


* For-the repetition of this experiment, very useful prattical directions 
may be found in a paper by Mr. Singer—Nicholson’s Journal, xxiv. 174. 
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the experiment, converted into a white substance; which is- 
potash when we have used those from potash, and soda 
when the globules from soda have been employed. In this 
process, oxygen is absorbed, and the weight of the alkali 
produced is found to exceed that of the globules consumed. 

When either of these substances is thrown into water, a 
rapid disengagement of hydrogen gas takes place; and the 
oxygen of the water, nee with the globules, regenerates 
alkali. — 

Nothing then can be more satisfactory than the evidence, 
furnished by these experiments, of the nature of the fixed 
alkalis. By the powerful agency of opposite electricities, 
each of them is resolved into oxygen and a peculiar base *. 
This base, like other combustible bodies, is repelled by po- 
sitively electrified surfaces, and attracted by negative ‘ones ; : 
and hence its own natural state of electricity must necessarily 
be positive. Again, by uniting with oxygen, these bases are 
- once more changed into alkali, either slowly at ordinary tem- 
peratures; or with heat and light, if their temperatures be. 
raised. We have the evidence, therefore, both of analysis 
and synthesis, that each of the fixed alkalis is a compound of 
oxygen with a peculiar inflammable basis. 

But in what class of combustible bodies are we to arrange 
the alkaline bases? Some properties, common to both, have 
influenced Sir H. Davy to place them among the metals,. 
with which they agree in opacity, lustre, malleability, con- 
ducting powers as to heat and electricity, and in their quali- 
ties of chemical combination. The only property, which 
can be urged against this arrangement, is their extreme 
levity, which even exceeds that of water. But when we 
compare the differences, which exist among the metals 
themselves, this will scarcely be considered as a valid objec- 
tion. Thus tellurium, which no chemist hesitates to con- 
sider as a metal, is only about six times heavier than the 
base of soda, while it is four times lighter than platina; thus _ 


i 


* The proportions of oxygen and base in each will ne found at the end 
of the articles Potassium and Sodium. 
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forming. a. sort of link between the old metals and’ the: pases 
of the alkalis. | 

. In giving names to the alkalitte haee Sir H. Dan ls 
panied that termination, which, by common consent, has 
been, applied to other newly discovered metals, and which, 
though originally Latin, is now naturalized in our language. 
The base of potash he has called porassitum, and the base of 
soda. soDIUM; and these names have met with universal. ac- 
- ceptation among chemical philosophers. 

It.is not, eae by electrical means only that the de- 
composition of the fixed alkalis has been accomplished. 
Soon after Sir H. Davy’ s discoveries were known at Paris, 
Messrs. Gay Lussac and 'Thenard* succeeded in their'at~ 
tempts to decompose both the fixed alkalis, without the aid 
of a Voltaic apparatus, and merely by the intervention of 
chemical affinities. ‘Their process, though it affords the 
alkaline bases of less purity, yields them in much larger 
quantity than the electrical analysis, viz. to the amount of 
nearly 400 grains by one operation. It consists in bringing. 
the alkalis.into contact with intensely heated iron, which, at 
this temperature, attracts onygen more str ongly eric the 
alkaline base retains it. 

The apparatus, used for obtaining potassium, aifters Sry 
little from that which is commonly employed to decompose 
water. by means of iron}. It consists of 4 common gun- 
harrel curved, and drawn out, atone end, to rather a smaller 
diameter, as.represented in the 9th plate, fig. 83, c. To 
one end is adapted an iron tube a, of the capacity of two 
cubic inches, for containing the potash. At the bottom of 
this tube is a small hole, ‘through which the potash gra- 
dually flows. ‘To the opposite end of the gun-barrel a.tube 
of safety e is to be cemented; and into this a sufficient quan~ 


# yc de Chimie, Ixv. 325, or ‘“Mémoites dArcuel, ii, 299. 

+ Hachette in Philosophical Magazine, xxxii. 89; and Mr. E, Davy, 
ditto, page 276, Ample details respecting the preparation of potassium 
are, also, given in the ist vol, of Gay Lussac and Thenard’s Recherches 
Physico-Chimiques; and a simple and ingenious apparatus, for procuring 
this metal, is described by Mr, Tennant in the Phil. Trans. for 1814. 
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fity poured, ‘either of ‘inérewry or iiphtha stato the side 
barrel, 21 parts of" very’ lean “iron tuitiiiigs are to be ine 
eridaaety and ptished ‘on to the bent” part & co “The ‘tube; 
carefally luted, is thieh to be placed i in ‘a’si 
ten ihehes “in diameter, ‘and provided With’ a pair of aouibte 
blast plan the pipe from which is shown at f. The next 
_ step is'to ‘insert the’ tube a in its place, ¢ after having puti into 
it 1s parts of pure potash; ‘deprived of as much water as pos- 
sible “by previous fusion.’ The whole ‘appariittis ch pau ve 
pei dry, cléan, arid inipérvious ‘to! ae, 89/700 
A strorig heat’ is now to be excitéd in the furnace! a and 
while this is doing, the tube containing thé potash, as well 
_as the opposite’end of the barrel, should be kept cool by ice. 
When the barrel has attained a white heat, the potash 1 in @ 
may be melted by a small portable furnace. - Tt will then’ 
_ flow, through the sihall hole, upon the iron turnings. A 
_ considerable quantity of hydrogen. gas will be evolved by 
the’ decomposition of that portion of water, ‘which the’ pot= 
ash retains even after fusion, and which has been shown to 
- exceed 13 per cent. When the production of this gas slackens, 
we may remove the small furnace from beneath the tube as 
and i incréase the heat in the furnace d, ’ in order to restore 
to the iron turnings at c the temperature proper for decom 
posing more potash. ‘These operations may be repeated, 
alternately, till no more gas is’produced ; but last of all; the 
heat’ in the’ furnace should be str ‘ongly raised, in order to 
drive off some ‘of thé potassium, which strongly adheres t to” 
the iron turnings. 
\ When the furnace is quite « cold, the safety dive e is to bé 
removed, and its place supplied by an iron plug. “If thé end’ 
_ of the gun-barrel, projecting from this side of the furnace, 
has been kept carefully cooled daring the experiment, the 
metal will be found ad ering to it; in the form of brilliant’ 
laminey ‘ In’order\to extract it, ‘the gun-barrel is to be’ cut 
_ at! the ‘¢ommenceinent’ of the part which has been, kept" 
cool, where the greatest ‘quantity will be found. Another 
portion will be found close to ‘the plug; ‘and this: adheres 50 


“+ 
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slightly to the gun-barrel, that the least. effort.serves: to 
detach it. It is even partly oxidized by the air; which gains 
access during the cooling of the furnace; and when the 
whole is covered with naphtha, the oxidized part is de- 
tached in lamine, exposing a white and brilliant metallic 
surface. 

The potassium, which is condensed nearest. the furnace, 
must be detached by a sharp chissel, and in the largest 
pieces we can possibly break off; for if it be in small mole- 
cules, it inflames in the air, even at very low temperaturess 
In the middle of the gun-barrel we shall find an amalgam of 
potassium and iron, which becomes green on exposure to: 
the air, the potassium returning to, the state of potash... 

When the iron turnings were very clean, the potash very 

. dry and pure, and the aliale apparatus free from foreign: 
thatters, the metal produced differed very little from that ob- 
tained by aVoltaic battery.j Its lusture, ductility, and malle- 
ability were similar. Its point of fusion and specific gravity, 
however, were a little higher; for it required nearly 130° 
Fahrenheit, to render it perfectly fluid, and was to water.as. 
796 to 1000 at 60° F ahrenheit. This Sir H. Davy. ascribes: 
to contamination with a minute proportion of iron. . The, 
affinities, indeed, by which the, decomposition is. produced,; 
he supposes to be those of iron for oxygen, of iron for bess 
sium, and of potassium for hydrogen. .. is 

Charcoal, it has been asserted by: Cursndan* * vale be 
employ ed, also, for the decomposition, of the alkalis. To 
ensure success in the process, great attention, it, appears, is) 
necessary to the manipulations, which are fully described in — 
the memoir of the inventor. The fact. sufficiently explains; 
an observation of Professor Woodhouse}. A mixture of; 
half a pound of soot and two ounces of . pearlash, was eX-' 
posed for two hours in a covered crucible to an intense heat. 
“When the mixture became cold it was.emptied upon a plate, 
and a small pipet of water iaiiblna mPOR ity wet ite 


| + ‘Nicholson’ Jour xxiv, “at. - Iki, 4x 190, 
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immediately: took fire. This could ‘only be owing’ to the 
conversion oe part of the potash into Aes 


tah gh Fi A & 
. | ; 


ArT. 3.—Potassium. 


}. The base of potash,. at 60° Fahrenheit, exists in small 
globules, which possess the metallic lustre, opacity, and ge~ 
neral appearance of mercury ; ; so that when a globule of 
mercury is placed near one of potassium the eye can disco- 
ver no difference between them. At this temperature, how- 
ever, the metal is only imperfectly fluid; at 70° it becomes 
more fluid; and at 150° its fluidity is so debtebes that arene 
globules may easily be made to run into one. 

By reducing its temperature, potassium becomes, at 50° 
Fahrenheit, a soft and malleable solid, which has the lustre 
of polished silver. At about the freezing point of water, it 
becomes hard and brittle, and exhibits, when broken, a 
erystallized texture, which, in the microscope, seems com-’ 
posed of beautiful facets of a ‘perfect whiteness and high 
metallic splendor. 

“To be converted into vapour, it requires a temperature’ 
approaching that of a red heat; and, when the experiment’ 
is conducted under proper circumstances, it is found un- 
altered after distillation. 

II. Potassium is a perfect conductor both of electri icity 
and of heat. » 

III. Itsspecific gravity at 60° Fahrenheit, making some’ 
allowance ‘for unavoidable errors in the experiment, is as 
6 to 10, the latter number being assumed as that of water. 
_ Gay Lussac and Thenard make it between 8 and 9, and 

- Bucholz 8.76; but they probably operated on a less pure’ 
substance. Even in its solid form, it swims in naphtha, 
whose specific gravity is about 72 to 10. The most recent: 
statement of its specific gravity, by Sir H. gree -Zegh ‘it’ 
between 8 and 9. © 

IY. Its combustibility has ality been noticed., _At the 
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temperature of thé atnidspheré, it absorbs oxygen: slowly j 
but if heated nearly to redness, or to its point of ‘vaporiza- 
tion, it burns with a brilliant white shit and a very intense 
heat. sisi 

V. It appears to be gukcasdiile i different degrees or 
stages of oxidizement. Istly, By heating it to a point, be- - 
low what is necessary for its inflammation, either in common 
air or oxygen gas; or, (which is still better) by confining it, for 
some days, in an empty phial loosely corked, a substance is 

formed of a blueish grey colour, softer than wax, and readily 

fusible. ‘This substance takes fire in oxygen gas, or even 
common air, at about ‘70° Fahrenheit, and acts on water, 
giving out hydrogen, but in less quantity than i is extricated 
by potassium. | 

2. The second oxide is voted which is most effectually 
produced by the action of potassium on water. 

3. Potassium, gently heated on a platina tray in oxygen 
gas, gives, for the result of its combustion; an orange co- 
loured fusible substance. It is, necessary to protect the 

platina from its action, by dipping the tray, before the ex- 
_ periment, into muriate of potash melted by heat. The pre- 
cise nature of this compound was first explained; and its 
properties examined, by Gay Lussac and Thenard. It is 
_ fusible at a lower heat than hydrate of potash, and crystal~ 

lizes in laminee by cooling. When thrown into. water, 
oxygen gas is evolved, and the substance passes, by this: 
loss of oxygen, to the state of potash. Oxygen gas is, also, 
separated, by heating it strongly on a platina tray coated: 
' with muriate of potash; anda grey vitreous substance re- 
mains, which Sir H. Davy considers as absolutely pure: 
potash. Almost all bodies, that have an attraction for: 
oxygen, decompose this orange oxide, and reduce it to the’ 
state of potash, which, in some cases, combines with the new 
compound. Charcoal, for example, with the excess of 
oxygen in the orange substance, forms carbonic acid; and 
this acid, uniting writ the. potash that i i deg com= 
poses carbonate of potash. 

VI. The action of sien on water. is. attended with 

3 * 


\ 
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some beautiful phenomena.: “When it is thrown upon, water 
exposed to the atmosphere, or when. it is brought into con- 
_tact with a drop 'of water, it decomposes the water with great 
violence; an instantaneous explosion: is produced with a 
vehement.flame ; and a solution of pure potash is the result. 
The hydrogen gas, which is disengaged, appears to dissolve 
a portion of potassium 5 ; for, onescaping into the air, it 
forms a white ring of. smoke, gradually oularging as it 
ascends, like the phosphureted hydrogen gas. 

When water is made to act on the base of potash, atmo- 
spheric air being excluded, there is much heat and noise, 
but no luminous appearance; and the gas evolved is pure 
hydrogen. It is of importance to remember that each grain 
of potassium, by acting on water, atone about 1.06 cubic. 

inch of hydrogen gas. 

Ifa globule of the base of potash bis Siena on ice, it in- 
stantly burns with a bright flame, and a deep hole is made 
in the ice filled with a fluid which is found to be a solution 
of potash. : 

- The production of alkali, by the action of water on n po- 
tassium, is most satisfactorily shown, by dropping a globule 
of the metal upon moistened paper, which has been tinged 
with turmeric. At the moment, when the globule comes 
into contact with the paper, it burns, and moves rapidly as 
if in search of moisture, leaving behind it a deep reddish 
brown trace, and acting upon the sai exactly like dry. 
caustic. potash. — , 

So strong, indeed, is the affinity of potassium for oxygen, 
that it divadwite and decomposes the small quantitiés of 
water contained in alcohol and ether, even when carefully. 
purified, and eres from both these fluids, Pea a 

as. ate Sis 
a On baie olcbaa ae ‘recently distilled,  seatiabiin 
has very little power of action; but innaphtha, which has _ 
been exposed to the air, it soon oxidates, and alkali is 
formed, which unites with the naphtha into a : se soap, 
that collects round the globules. 


VII. When thrown into the liquid mineral wits tis base 
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of potash inflames, and burns on the surface; or, if kept be- 
neath the surface, its effects are such as may be explained 
by its affinity for oxygen. In concentrated sulphuric acid, 

a white saline substance is formed, which is probably con< 
centrated: sulphuric acid surrounded by sulphur. At the 
same time'a gas escapes which has the smell of sulphurous 
acid mixed with hydrogen gas. In: nitrous acid, nitrous 
gas is disengaged, and nitrate of potash formed. In oxy- 
muriatic acid gas, it burns vividly with bright: scintillations, 
and muriate of potash is generated. 

VIII. Potassium readily combines with the simple com- 
bustibles. ‘To unite it with sulphur or phosphorus, it must 
be melted with these bodies under naphtha. 

The phosphuret of potassium requires for its fusion a 
stronger heat than either of its constituents. It is of the — 
colour of lead; and, when spread out, has a lustre similar to 
polished lead. By exposure to the air, or by rapid combus- 
tion, it forms phosphate of potash. Besides this, there is, — 
also, a chocolate coloured compound of potassium and phos- 
phorus; so that it is probable these two bodies unite in dif- 
ferent proportions, the lead coloured compound consisting 
of 2 atoms of metal + 1 of phosphorus; and the choculate 
of 1 atom of metal + 1 of phosphorus. | 

When potassium is fused with sulphur, in a vessel filled : 
with the vapour of naphtha, a rapid combination ensues, 
accompanied with heat and light, and a disengagement of 
sulphuretted hydrogen. ‘The result is a grey substance not 
unlike artificial sulphuret of iron. 

IX. With mercury, potassium gives some extraordinary 
and beautiful results. The combination is very rapid, and — 
is effected by merely bringing them into contact at the tem- 
perature of the atmosphere. ‘The amalgam, in which the 
potassium is in least proportion, seems to consist of about 1 
part in weight of basis and 70 of mercury. It is very soft 
and malleable ; but by increasing the proportion of potas- 
sium, we augment, in a proportional degree, the solidity : 
and brittleness of the compound. ¥ 

The compound of mercury and potassium’may be ob- 
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tained by an easy and simple process, first pointed out by 
Berzelius. Mercury, to the depth of a line, is put into a 
glass capsule, ‘two inches in diameter, with a flat bottom. 
On this a solution of pure potash is poured ; 3.an iron wire 
connects the metcury with the negative pole of a galvanic 
‘arrangement, which needs not contain more than 20 pairs 
of plates; and a spiral platina tire, from the positive pole, 
is immersed in the solution, and kept within about a line 
from the surface of the mercury. In six hours, the effect is 
observable, and in 24 is very distinct; for, in that time, 
more than 1200 grains of mereury will be rendered solid by 
combination with potassium. Unfortunately, this combina- - 
tion cannot be so decomposed, as to obtain the potassium in 
a separate state. | 

In this state of division, potassium tithes to have its 
affinity for oxygen considerably increased. By a few mi- 
nutes’ exposure to the air, potash is formed which deli- 
quiates, and the mercury is left pure and unaltered. When 
a globule is thrown into water, it produces a rapid decom- 
position and a hissing noise ; potash is formed; pure hydro- 
gen disengaged ; ail the mercury remains free. 

The fluid eed, of potassium and mercury dissolves ali 
the metals; and in this state of union, mercury even acquires 
the power of acting on platina. 

Potassium unites, also, with gold, silver, and copper ; and, 
when the compounds are thrown into water, this fluid is de-_ 

composed, potash is formed, and the metals are separated | 
unaltered. 

X. Potassium reduces all the metallic oxides when heated 
with them, even of those metals which most powerfully attract 
oxygen, suchas oxides of iron. In consequence of this property 
it decomposes and corrodes flint and green glass by a very | 
gentle heat ; potash is generated with the oxygen, taken from 
the metal, which dissolves the glass and exposes a new surface. __ 
At a red heat even the purest glass, formed merely of potash 
and silex, is acted upon. The alkali in the glass seems to 
give up a part of its oxygen to the potassium, and an oxide 
of potassium results, with a less proportion of onygen tham 
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is necessary io. constitute potash. The ain rales it is — 
bable, is partly de-oxidized. dart 

From this summary of the action of bataesiunds ign appears 
that all the most remarkable effects which it exhibits, aré 
connected with its affinity for oxygen, which is sufficiently 
energetic to enable it to take oxygen from all other bodies: 
Hence the application of potassium to any substance is the 
best test of its containing oxygen; which, if present, it can- 
not fail to detect. 

It'was important to determine the proportions in which 
potassium and oxygen combine, when potash is regenerated. 
This Sir H. Davy investigated by two different processes. 
The one consisted in ascertaining how much oxygen gas 
disappears by the action of a given quantity of potassium} 
the other how much hydrogen is disengaged from water by 
2 known weight of the same substance. Dividing the bulk 
of the hydrogen gas by 2, he learned the quantity of oxygen 
which had been taken from the water. — 

The coincidence of results, obtained by these different 
methods, is remarkable. By the action of potassium on 
Serger gas, it appeared, on an average, that 


Potash consists of sph cannes, 
13.9 oxygen. 
100 
By the agency of water, the proportions se only by 
a small fraction, so that we may state in round numbers that 


the base is to the oxygen as six to one, or that 


86 potassium, 
see is composed of ve 14 oxygen. 


r: 100° 3 

Subsequent exper iments, however, * have’ made some 
charigre necessary in’ these numbers. Gay Lussac and: 
Thenard’found, that 100 parts by weight of potassium take 
19.945 ‘of | oxygen from water; and Sir H.. Davy, by the 
action of 8 grains of potassium on water, obtained, on an ~ 
average, 92--cubic inches of hydrogen gas, showing that 43 
eubic inches, (=1.61 grains) of oxygen had combined with 
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the mietal:-» Berzelius investigated the composition of pot- 
ash, bysexposing’ an amalgam of potassium and. mercury, 
containing known proportions of those .metals, to water ; 
saturating the potash with muriatic acid; and determining 
its weight by the muriate of potash formed*. ‘The follow- 
ing table shows the proportions of potassium and oxygen in 
100 grains of potash, as deduced from these different autho- 
rities. One hundred grains of potash contain, =, 


Pétassinuhs, Oxygen. 
once to Sir H. Davy. sabhanies Oa | Eee 
——__—____-——_ Gay Lussac. er at tag (89:31) 16.69 

si pete ee eran ees 82.97 {17.03 


if dleauiad ent the atomic theory, the true proportions 
should be 85 of potassium to 15 oxygen, numbers ver 'y near 
those originally obtained by Sir H. Davy. It is probable, 
indeed, that sources of inaccuracy may exist in‘the experi- 
ments, sufficient to account for this small deviation from 
theory ; and that potash is a compound of 1 atom of potas- 
sium weighing 42.5 with 1 atom of oxygen weighing 7.5. 
Hence the weight of the atom of potash will be 50; and an. 
atom of water (8.5) being added, the atom of hydrate of pot« | 
ash will weigh 58.5. 3 

It is doubtful whether the grey compound, (mentioned in 
§ v.) be a true sub-oxide of potassium, or merely a mixture 
of potash with potassium. If the former, it must consist of 
two atoms of pucassium (85) with one atom of oxygen (7.5) 
=92.5. But the latter view ofits nature is the most pro- 
bable one. 

The composition of the orange oxide cannot be assigned, 
from the quantity of oxygen, absorbed in the experiments, 
by which it is produced; for in eight results, obtained by 
Gay Lussac and Thenard, there is not a sufficient agreement 
to decide this point. It seems probable that the oxygen, 
which converts potassium into this substance, is twice that: 
which converts it into potash; and that the orange oxide’ 


ee 
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consists of } atom of potassium = 42.5, + 2 atoms of oxy~ 
gen = 15, which would make the weight of the atom of 
orange oxide 57.5. : Fi ceaetine 
Potassureted Hydrogen Gas. . 

This name I would propose for the solution of potassium: 
in hydrogen gas, which, it has already been stated, results 
from the action of potassium on water, and, as appears from 
Sir H. Davy’s experiments, may be formed, directly, by 
heating the metal in hydrogen gas. A large portion of po- 


tassium is thus dissolved; but the greater part gear ar on 
cooling. 


This gas is spontaneously inflammable i in the atmos- 
phere; burns with a very brilliant light, which is purple 
at the edges; and throws off dense vapours of potash. It 
loses its inflammability by keeping; is heavier than hydro- 
gen gas; and is very dilatable by electricity. Beside the gas, 
which is spontaneously combustible, there is also, according 
to Sementini, another compound of potassium and. hydro- 
gen, which is not possessed of this property, and probably 
contains a less proportion of the combustible metal. _ 

Gay Lussac and Thenard * have succeeded, also, in form= 
ing a solid compound of potassium and hydrogen. The 
process consists in heating the metal in hydrogen gas; and 
the only difficulty is to regulate the heat, for a high tempe- 
-fature decomposes the compound. The flame of a spirit: 

lamp, applied to potassium, in-a retort filled with hydrogen __ 
" gas, occasions an absorption of the gas, and the formation of 
a solid hydruret of potassium. 

The colour of this substance is grey; ; It Is destitute of me= 
tallic lustre ; and isinfusible. It is not inflammable, either 
in alr or in oxygen gas, at common temperatures ; but burns 
vividly at a high one. When strongly heated in a close 
vessel, it is totally decomposed ; all the hydrogen it contains 
is liberated in the state of gas; and the potassium remains. - 
When brought into contact with heated mercury, hydrogen. 


gas is evolved, and an amalgam of potassium and mercury is. 
produced. 


* Recherches 1. 176. 
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vg NP gas: hin not, at any aiateiodei any action oe 
potassium. 


ART. 4, — Sodium. 


~The hase of soda agrees, in many of its properties, with 
the base of potash, and exerts on several bodies a precisely 
similar action, except that the results are compounds of soda 
instead of potash. Thus with nitric acid it affords nitrate of 
soda; with oxy-muriatic acid, muriate of soda. In this 
place, therefore, I shall describe only such of its properties 
as are peculiar to and characteristic of it. 

. 1. Soprum, at common temperatures, exists in a solid 
form, It is white, opaque; and, when examined under 2 
thin film of naphtha, has the lustre and general appearance 
ofsilver. Itis exceedingly malleable, and much softer than 
any.of the common metallic substances. When pressed upon 
by a platina blade with a small force, it spreads into thin 
leaves ; and a globule of ;!,th or -,th of an inch in diameter 
is easily spread over a et rah ofa quarter of an inch. This 
property is not diminished, by cooling it to 32° Fahrenheit. 
Several globules, also, may, by strong pressure, be forced 
_ into one; so that the property of welding, which belongs to 
platina and iron at a strong heat only, { is possessed by this 
substance at common temperatures. 

II. It is lighter than water. As near as can be deter- 
amined, its specific gravity is as. 0.9348 tol. | 

III. It is much less fusible than the base of potash.. At 
120° Fahrenheit, it begins to lose its cohesion, and it is a 
perfect fluid at about 180°. Hence it readily fuses under 
heated naphtha. 

IV. Its, point of vaporization has not been ascertained ; 

but it remains fixed, in a state of. ignition, at the point of 
fusion of plate glass. 
. ¥. When sopivm is exposed to the atmosphere, it im- 
mediately tarnishes, and by degrees becomes covered with a 
white crust of soda, which deliquiates more slowly than that 
formed on, potassium. . 

VI. It combines with oxygen, slowly and withopt lumi- 

TOI, f Q 
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nous’ appearance, at’ all ‘common. temperatures: When 
heated, the combination becomes more rapid; but no light 
is emitted till it becomes nearly red hot. ‘The flame, which 
‘it then produces is white, and it sends forth bright sparks, 
exhibiting a very beautiful effect. In common air, it burns 
with a ‘similar colour to “charcoal, but’ “oF — sire 
splendor. | 

VII. When thrown fits water, it produces a violent 
effervescence and a loud hissing hoise; it combines with the 
‘oxygen of the water to form soda; and hydrogen gas is 
evolved, which does not, however, as in the case of potas- 
sium, hold any of the alkaline base in solution.’ Neither 
can sodium be made to dissolve in hydrogen gas, by being 
heated in contact with it. 

When thrown into hot water, the decomposition is more 
violent, and in this case a few scintillations are generally ‘ob- 
‘served at the surface of the fluid; but this is owing to small 
particles of the base, which are ejected from the water, suffi- 
¢iently heated to burn in passing through the atmosphere. — 

VIII. Its action on alcohol, ether, volutite oils, and acids, 
is similar to that of potassium ; but with nitric acid a vivid i in- 
flammation is produced. ; 

‘TX. Sodium appears to be susceptible of different degrees 
of oxydation. Ist. When it is fused with dry soda, a parti- 
tion of oxygen takes place between the alkali and the metal. 
A deep brown fluid is produced, which becomes a dark grey 
solid on cooling. This substance is capable of attracting 
oxygen from the atmosphere, and of decomposing water, by 
which it is again converted into soda. The same oxide of 
sadium is formed, by fusing this metal in tubes of plate glass. 
-<Jt_is.of a greyish colour, destitute of lustre, brittle, and 
‘ave hydrogen when acted on by water, but Jess than ‘an 
equal weight of sodium. It may, however, be doubted, whe- 
ther this is a compound of sodium and oxyg jb or mer ely a 
niixture of the metal with soda...” 

2d. The second oxide of sodium (or first, if the one which 
has been just described be only a mechanical mixture) is 
soda, It may be formed by burning sodium, in a quantity 


SECT. Is 2 SODIUM. 227 


of air containing just oxygen enough to convert the metal 
into alkali. It is of a grey colour; of a vitreous fracture; 
and requires a strong red heat for its fusion. Water is ab- 
sorbed. by it with siplénioed and. converts ‘it nko hydrate of 
soda. ised i ee 

3d. The orange ‘sd of perio may be figidad) by ti 
ing the metal vith an excess of oxygen. It is of a deep 
orange colour, very fusible, anda non-conductor of electricity. 
When acted on by water, its excess of oxygen escapes, and it 
becomes soda. It deflagrates with most combustible bodies. 

X. There is scarcely any difference between the visible 
phenomena attending the action of the base of soda, and that 
of potash on siipbai phosphorus, and. the metals: The 
-sulphuret of sodium has a deep gr ey colour; the phosphuret 
resembles lead. Added to mercury in the proportion of 2, th, 
— it renders that metal a fixed solid of the colour of width and 
the combination is attended with a considerable degree of 
heat. This amalgam seems, like that of potassium, to form 
triple compounds with other metals, and even with iron and 
platina, which remain united with the mercury, when it is 
deprived of the new metal by the action of air. | 

The proportions in which this base unites with oxygen 
to form. soda were investigated by the methods already de- 
scribed in the article potassium. The results of Sir H. 
Davy; of Gay.Lussac and Thenard; and of Berzelius, 


are given in the following table : 
Sodium. | Oxygen. 
Per Davy (1807) 100 soda contain ...... 77.7 | 22.3 


eit) RTE Sle Re aril Bile met bid « 14.6 | 25.4. 
aay mesh wets er cst eset .» (4.631 25.37 
ieee) Berzelius % eeceereetisetsenvced ee S@eevee 74.29 QTY 


_The proportions that would best accord with the atomie 
theory, are 77.5 of sodium to 22.5 of oxygen; for this last 
number agrees with the weight of three atoms of oxygen. 
And on the supposition that soda is a compound of | atom 
of sodium + 1 atom of oxygen, by dividing 77.5 by 3 we 


* 80 An. Ch. 251, 
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should obtai the weight of the atom of sodium, viz. 25.8. 
In this case the atom of soda would weigh 33.3, and the 
atom of hydrate of soda 41.8. The number, assumed by 
‘Dr. Wollaston to ‘represent sodium, (oxygen being 10) is 
99.1; and soda will, therefore, be denoted, on his scale, 
by 29.1 +19 = 39.1, 


SECTION II. 
Pure Ammonia. 
Art, 1.—Preparation and Qualities of Ammonia. 


I. Ammonia, in its purest form, subsists in the state of a 
gas. In order to procure it, one of the following aint 
may be employed. 

‘(a) Mix together equal parts of muriate of ammonia. and 
Pe quicklime, each separately powdered; and introduce 
them into a small gas bottle or-retort.. Apply the heat 
ofa lamp; and receive the gas, that is liberated, over mer- 
eury.: 

(L) To a saturated solution of ammonia in water, or the 
pure liquid ammonia, in a gas bottle, apply the es of a 
lamp; and collect the gas, as in a. ; 

II. This gas has the following properties: 

(a) It mgt a strong and very pungent smell. 

(4) It immediately extinguishes flame; and is fatal to 
animals. Before, BOTY: a candle is extinguished, by 
- immersion in this gas, the flame is enlarged, by the addition 
of another, of a pale-yellow colour, which descends from the 
mouth to the bottom of the jar. If the flame of the candle 
be only in part immersed in the gas, this yellowish flame 
rises ‘a few lines above the other. | . 

(c) It is lighter than atmospheric air. Hence a jar filled 
with this gas, -and placed with its mouth upwards, is soon 
found to change its contents for-common. air, which, being 
heavier, descends, and displaces the ammoniacal gas. By 
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the recent’ experiments of Messrs. Allen and Pepys *, une 
dertaken at the desire of Sir H. Davy, 100:cubic inches of 
ammonia weigh 18.18 ‘grains, barometer 30°, thermometer 
60°. According to Gay Lussac, its specific gravity is to 
that of common air as 0.596 to 10; and hence (taking 100 
cubic inches of air at 30.5 grains) 100 cubic inches of am- 
‘monia weigh 18.17 grains. Mr. Dalton assumes, that ata 
mean temperature and pressure, 100 cubic inches weigh 
18.6 grains; and hence that its specific gravity is 6, ajr 
being 10. It does not appear that in any of these trials, 
the gas was artificially dried.' To effect its desicgation, 
potash or quicklime are best adapted, for ey muriate od 
lime absorbs it rapidly. 

' (d) Ammoniacal gas is not suficiently inxdlernmbite to 
burn when in contact with common air. . But, when ex- 
pelled from the extremity of a pipe, having :a'small aper- 
ture surrounded by oxygen gas, it may be kindled, and 
it then burns with a pale yellow flame, the products of its 
combustion being water and nitrogen gas. : 

(e) ‘Arnfortiacal gas may be decoimpotech by: transmitting 
it through a red hot porcelain tube, which should be either 
well glazed internally, or covered externally with a lute. 
It has been ascertained by Thenardt, that when any of 
the five following metals are enclosed in the tube, they pro- 
mote the decomposition of ammonia in the order set down; 
viz. iron, copper, silver, gold, and platina: iron being most 
effectual, and platina least. Iron, after the process, is 
found to be rendered brittle, and copper still more so. The 
gas obtained always consists of 3 parts hydrogen by mea- 
sure, and 1 nitrogen. None of the metals is either increased 
or diminished in iets and they can only, therefore, act 
‘as conductors‘of heat. Yet it is singular that iron decom: 
poses a much larger quantity than platina, and at a lower 
temperature. 

(f) It has been asserted by Guyton, that ammoniacal 


e POET Transactions, 1808, page 39, 
+ 85 Ann. de Chim. 61, 
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gas is reduced tora liquid state at 70° below 0 of Fahren-- 
‘heit; but it'may be questioned whether the drops of liquid, 
which he observed, were any thing more than the watery va- 
pour,which the gas always contains, condensed by ihe cold, 
and saturated with ammonia.. | 

(g) Ammonia is rapidly absorbed oe atl A Ebi 
Pit of water being admitted to .a jar of this gas, confined 
over mercury, the) gas will be immediately absorbed, and 
the mercury will rise, so as to’ fill the whole of the jar, 
provided the. gas be sufficiently pure. Ice produces the 
same effect; in a still more remarkable manner. From Sir 
H. Davy’s experiments, it appears that 100 grains of water 
absorb 34 grains of ammoniacal gas, or 190) cubic inches. 
Therefore a cubic inch of water takes up 475. cubic inches 
of the gas... More recently he has stated that at 50° Fah- 
renheit, water absorbs 670 times its baie and neantee the 
specific gravity..875 *.. | Ta 

“Alcohol, also, absorbs several times its bulk, me affords 
a. solution of ammonia:in alcohol; which possesses the strong 
smell, and other properties, of the gas. 

(h) Water,: by saturation with this gas, acquires its pe- 
culiar smell; and constitutes what has been. called liquid 
ammonia}: or, more properly, solution of pure ammonia in 
water. The: method of effecting this impregnation will be 
described hereafter; and processes will be given for obtain- 
~ ing the solution of ammonia in considerable quantity, which 
cannot conveniently. be accomplished by the method de- 
scribed in experiment e... This solution again yields its gas 
onapplying heat. (See I. 4.) ge, by 
The strength of a solution of:ammonia. is influenced by 
two circumstances, the temperature of the liquid, and the 
pressure on ‘its’ surface, for ammonia is not retained in 
water without external force. The intervals of tempera- 
ture, required to double the force of ammoniacal vapour, 
were ascertained by Mr. Dalton to increase in ascending. 
When. mixed with common - air, its elasticity is not 


* Elements of Chem, Phil. p. 268. 
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altered; thus when ammoniacal gas of 15 inches force is 
mixed, witha given, volume of air, the air is doubled | in 
bulk. : 

Solutions of ammonia, when mixed eath tae were 
found by Sir H. Davy, not to be sensibly condensed ; and, 
therefore, if the quantity of ammonia in a solution of given 
specific gr avity be determined, it is easy to calculate the 
quantity in solutions of other densities. The two following 
Tables, it may be-observed, do not exactly agree in their 
results, the quantity of ammonia, in solutions of the same 
density, being from 15 to 20 per cent less in Mr. Dalton’s 
Fable than in Sir H. Davy’s. The numbers in the latter, 
marked. with an-asterisk, were found by Gaperinenty and 
from these the others were deduced. 


Sir H. Davy’ s Table a the Quantities of ut y mmoniacal Gas 
in Solutions of different Densities (Temp. 50° Fahrenheit’ S 
Barometer, 29.8), 


100 parts of — 100 parts of é 
Specific - Of Ammonia.) | Specific © Of Ammonia. 
Gravity. apes Gravity. Lae 
.8750* ie ee 2 ee 9435 , 14.53 
38875 © a ie ei, 9476 13.46 
* "49000" ct a0. 2951S n 12,40. 
maGQO54* of “"R 25.37 9545 ‘8 11.56 
-9166 S 22.07 OOISH jb > 10.82 
-9255 a 19.54 9597 i 10.17 
9326 96T9 9.60 


9385 


.9692* 9.50 
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Mr. Dalion's Table of the Qumiiiticn of Anthea ite 
Solutions Fa di oe ree asa 3 


otis oF : 


Boiling int gas éondéndes 


Smart moniain 100 j of the liquid | 

Srenity See SNfeaing of | indegies of | SAENER 
Tiquid liquid. , Fahrenheit. ‘Tiguid. 
$50 30. | 368 | 494 
860 38 32.6 4.56 
$70 3 29.9 419 
880 84.3 882. 
890 1. 94.9 346 
900 99.2 311 
910 19.8 277 
920 - aoe 24d 
930 NORE 211 
940 an i: 180 
950 10.5 147 
960 8.3 1160 
970 6.2 87 
oy: Al one 


28 


ART. 2,—Electrical Analysis of Ammonia. : 


(1) Ammoniacal gas is decomposed by electricity. Into 
a glass tube, having a conductor sealed hermetically . into 
one end (fig. 29), and standing inverted over thereury, pass 
about one tenth of. a eubic idich: of ammojiiacal gas} and - 
‘transmit through it a succession of electrical discharges 
ron a Leyden sat. The bs ae of the BEE Atte, 
in id. v. sect. 1. “When two or three nee ducharaes , 
have been passed, the gas will be found to have increased 
to almost twice its original bulk, and to have lost its pro- 
perty of being « absorbed by. water, Mix it with a quantity. 
of oxygen gas, equal to between one third and one half of » 
its bulk, and pass an electric spark through the mixture. - 
An explosion will. immediately happen ;: and the quantity 
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of gas will be considerably diminished. Note the amount 
of the diminution by firing; divide it by 3; and multiply 
the product by 2. The result shows the quantity of hy- 
drogen gas in the mixed gases which have been generated 
by electricity; for two measures of hydrogen are saturated 
by one of oxygen gas. 

Suppose, for example, that we e expand 10 measurts of ain- 
monia to 18; and that, after adding 8 measures of oxygen 
gas; we find the whole (= 26 measures) reduced by firing 
‘to 6 measures; the diminution will be Zo. Dividing 20 
by 3 we have 6.66, which multiplied by g gives 13.32 mea- 
sures of hydrogen gas from 10 of ammonia. Deducting 
13.32 from 18, we have 4.68 for the hitrogen gas contained 
in the product of electrization. Therefore 10 measures 
of ammonia have been destroyed, and expanded into 


13.32 measures of hydrogen gas, 
4.68 --- — nitrogen gas. 


According to the above proportions, 100 cubic inches of 
ammonia, which weigh about 18 grains, if they could be 
decomposed by electricity, would give about 133 cubic 
inches of hydrogen weighing 3.5 grains, and 46 of nitro- 
gen weighing 14.4 grains, in all 17.9 grains, or one tenth 
‘of a grain less than the ammonia decomposed. Mr. Dalton 
obtained 185 measures of gas by decomposing 100 measures" 
of ammonia; and, by comparing the products with the 
original gas, he finds that the weight of the former rather 
exceeds that of the latter; thus, : 

Grains. 
100 measures of ammonia x sp. gr. .6 = 60 


partie 51.8 nitrogen, which x sp. gr. 967 = = 50. 60.09 | 
lami Liss, 2 sa hia x sp. er. 08 = 10.65 | 


ee 


60.74 


The excess of 3" of a grain in 60 he considers as too small 
to affect the conclusion, and as arising from unavoidable 
‘inaccuracies in some of the data. 


It is contended by Gay Lussac ang Thenard, and the 
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probable accuracy of their ‘result is admitted by 'Sir, H. 
‘Davy **and by Dr. Wollaston, that 100 measures: of am- 
monia are resolvable, by analysis, into 300 of hydrogen and 
100 of nitrogen. This proportion is consistent with the 
- theory of combination in definite volumes. There is, how- 
ever, considerable difficulty in ascertaining the precise 
amount’ of the gases evolved from ammonia; for if either 
the gas itself, or the mercury which confines it, contain 
any moisture, the product of gas, resulting from its decom- 
position, will exceed what it ought to be. The problem is 
one of great importance to the atomic theor ys because 
from nd! proportion of the elements of ammonia, is de- 
duced the weight of the atom of nitrogen. ‘This will differ 
considerably, according to the statement, which we may 
adopt, of the amount of gases obtained by decomposing 
ammonia; their proportion to each other; and the exact 
specific gravities of hydrogen and nitrogen gases. From 
the data supplied by Mr. Dalton, it appears reasonable to 
believe that the weight of nitrogen in ammonia is to that 
of hydrogen néarly as 5 to 1, thd the atom ‘of nitrogen 
will, therefore, be represented by 5, and that of ammonia 
by 5 +1=6. On the scale of Dr. Wollaston, nitrogen 
is represented by 17.54; which, with $ proportions of hy- 
drogen (1.32 x 3 = 3.96), gives 21.5 for the equivalent of 
ammonia. 

mogay Tn the: Philosophical Transactions for 1809, I have 
described a property of ammonia, which forms the basis of 
a very easy and quick mode of analyzing that alkali. When 
_mingled with oxygen gas it may be inflamed by the electric 
spark, precisely like a mixture of hydrogen and oxygen | 
gases. ‘To obtain accurate results, however, it is necessary 
to use less oxygen at first, than is sufficient to. saturate the 
whole, hydrogen of the alkali. This is easily calculated. 
If, for example, we take 10 measures of ammonia, we must 
suse les§ oxygen than will saturate 13 or 14 measures of. hy- 


drogen gas, the quantity which exist in 10 of ammonia; 


— 
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and which require about 7 of oxygen gas. It will be ad- 
visable, therefore, not to add above 4 or 5 of oxygen. 
The whole (suppose 15) will probably, after firing, be re- 
duced to about 9. To the remaining gas admit 4 or 5 
measures more of oxygen; and on passing the electric 
spark again, a second explosion will happen, with a dimi- 
nution of about 6 measures. But, in the first explosion, 
the whole of the oxygen disappears, and it must therefore 
have saturated a quantity of hydrogen equal to 10 mea- 
sures; besides which, two thirds of the second diminution 
(6+ 3 x 2) = 4 measures are owing to the condensation 
of hydrogen. Hence the whole hydrogen is 10 + 4 = 14. 
“The nitrogen, the whole of which exists in the product of 
‘the first detonation, is ascertained by deducting from, it 
(vix. from 9 in the present instance): the second quantity 
of hydrogen (4) which gives 5 for the nitrogen. These 
numbers may not, perhaps, be exactly obtained by experi- 
ment ; and they are given merely as a general illustration 
of the process. . 

* By experiments of this kind, I have determined that 100 
measures of ammonia require, for saturating the hydrogen 
which they contain, between 67 and 68 of pure oxygen gas, 
and afford 


Of hydrogen gas about 136 measures, 
nitrogen gas......- 47 measures, 


183 


The results of this analysis furnish a good example of 
the condensation of the elements of gases which takes place 
on chemical union; and if we could, by any means, per- 
manently condense a mixture of 136 measures of hydrogen 
with 47 of nitrogen into 100 measures, the new gas would 
constitute ammonia. Simple admixture of these gases, 

however, even in the same proportions which are obtained 
by analyzing ammonia, is not sufficient to generate: this 
alkali, The caloric, with which the hydrogen and nitrogen 
are respectively combjned, opposes, by its elasticity, an 
; acne 
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obstacle to their. union, and places them beyond the sphere 
of their mutual attractions. If, these elements are pre- 
sented to each other when one or both are deprived of part 
of their caloric, combination then. takes place; and the 
composition of the volatile alkali is heels sania 
as in the following experiment. 

When iron filings, moistened with water, are. exposed to 
nitrogen gas confined over mercury, the gas, after some 
time has elapsed, acquires the smell of volatile alkali... In 
this case, the iron decomposes the water and seizes its 
oxygen; while the hydrogen, at the moment of its libera- 
tion, unites with nitrogen and composes ammonia. | This 
state of condensation, or absence of the quantity of caloric 
necessary to bring it into a gaseous form, has been called 
the nascent state of hydrogen; and the same term has been 
applied to the bases of other gases when in a similar state. 


Art. 3.—On the Presence of Oxygen in Ammonia; and ¢ on the | 
Amalgam of Mercury and Ammonia. 


Beside the hydrogen and nitrogen which, it has already 
been stated, are obtained by decomposing ammonia, it has 
been conjectured by Sir H. Davy that this alkali contains, 
also, a small proportion of oxygen, not excecding seven 
or eight parts in the hundred. ‘The arguments, which he 
has brought in favour of this opinion, are derived chiefly 
- from the following facts. 

1. When he decomposed ammonia by electricity, the 
gases produced fell short, by nearly one eleventh, of the 
weight of the ammonia employed; in other words 100 
grains of ammonia gave only about 91 grains of perma- 
nent gases. ‘To obtain this result, however, several pre-_ 
cautions are necessary, which are fully stated by Mr. Davy 
‘in the Philosophical Transactions for 1809, page 460. 

_ 2. By repeatedly transmitting ammoniacal gas (preyi- 
ously deprived, by passing it through a tube surrounded by 
a freezing mixture, of as much water as possible) over 
_ red-hot iron wire, the metal became superficially oxidized, 
and gained.a very slight increase of weight, It is proper, 
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however, to state that a similar experiment was made by 
Mr. Berthollet, junior, with different, or at least with equi- 
vocal, results. Besides, a very minute addition of oxygen 
might be furnished to the iron by the decomposition of a 
small portion of water, which ammoniacal gas, in common 
with all other gases, contains; and which would scarcely be 
separated from it by the temperature of a freezing mixture. 
No sufficient proof, indeed, has been established by the 
subsequent experiments of Sir H. Davy; by my own, di- 
rected to the same object; or by those of any other person, 
that oxygen exists as an element of ammonia, or that any 
products can be obtained by its decomposition, beside hy- 
drogen and nitrogen gases. 

It must be acknowledged, however, that the indirect 
evidence, in favour of the presence of oxygen as an ele- 
ment of ammonia, which is furnished by other experiments 
of Sir H. Davy, is much stronger than that derived from 
the results of its analysis. ‘These experiments even go so 
far as to suggest that ammonia may, like the fixed alkalis, 
be an oxide of a peculiar metal, or at least of some com- 
pound containing the elements of a metal. And, as hy- 
drogen and nitrogen alone are obtained by the electrical 
analysis of ammonia, it will follow that the metal in ques- 
tion is either a compound of those two bases, or a compo- 
ent. part of one of them. If this should be established, 
we shall obtain proof of a fact of the greatest novelty and 
curiosity, viz. the existence of a metal or a metallic oxide, 
whose natural state is that of an aériform fluid. 

To understand the general outline of these experiments, 
it may be necessary to premise, that whenever mercury, 
after combination with another substance, retains in a great 
measure its characteristic properties, and forms what has 
een called'an amalgam, we infer that the change has been 
produced by its union with a metal; for the metals are 
the only bodies which are capable of amalgamating with 
quicksilver. Now it was found, by M. M. Berzelius and 
Pontin of Stockholm, that when mercury, negatively elec- 
trified in the Voltaic circuit, is placed in contact with 
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solution of ammonia, it gradually expands to four or five 
times ‘its dimensions, and becomes a soft solid, which, at 
70° or 80° Fahrenheit, has the consistence of butter. “At 
the freezing temperature, it becomes firmer, and forms a 
crystallized mass, in which small shining facets appear. 
By this combination, it is very remarkable that mercury 
gains an addition of only about one twelve thousandth 
part of its weight; and yet has its specific gravity so much 
decreased, that from being between 13 and 14 times heavier 
than water, it becomes only three times heavier. Its co- 
lour, lustre, opacity, and conducting i ya remain unim- 
paired. | 

An easier mode of forming this aches Sir H. Deniy 
found, is to employ mercury united with a minute quantity 
of potassium, sodium, or barium. A compound of this 
sort, placed in contact with a solution of ammonia, .en- 
larges to. eight or ten times its bulk, and becomes a soft 
solid, which may be preserved a much longer time than the 
amalgam made by electrical powers, and hak even changes 
very slowly under water. 

When this amalgam is exposed to the hintarbere’ cxye 
gen is absorbed ; ammonia is reproduced; and the quick- 
silver is recovered in its metallic form. When thrown into 
water, ammonia is also regenerated, and quicksilver sepa- 
rated, hydrogen gas being at the same time evolved. It 
appears, then, that in the formation of the amalgam, mer- 

cury combines with one or more of the elements of ammo- 
nia, and that in the subsequent oxidation of what is thus 
acquired by the ammonia, consists the prgcess of regene- 
rating alkali. In this view of the subject, there certainly 
appears great reason to believe that oxygen is one of the 
constituents of ammonia; but the facts are not sufliciently 
simple to furnish incontrovertible evidence, and their ex- 
planation ‘is still attended with considerable obscurity. 
'.On the supposition that the unknown substance, which 
amalgamates with the mercury, is of a metallic nature, Sir 
H. Davy proposed for it the nameammonruM. All attempts 
to detach it from this combination, and to exhibit it in a 
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separate form; have hitherto failed; and it still remains an 
object of farther investigation. One great’ difficulty con- 
sists in) procuring: the amalgam free from water, of which 
it alwaysicontains.enough to foriish oxygen, and to regene- 
rate alkalis». The: amalgam, which appears to be most free 
from .ddhering moisture,.is that of potassium, mercury, 
and ammonium in a solid, state; but even this amalgam 
gave on distillation nothing but hydrogen gas, beside a 
small proportion of ammonia. ‘The quantity: of matter, 
added: to the mercury, in the formation of the oe 
Sir H. Davy estimates at only -rpap". byicsusits 

Gay Lussac and Thenard * hide also'made a greats num- 
‘ber of experiments on this amalgam, from which they in- 
fer that itis a-compound of mercury, hydrogen, and am- 
monia; and that mercury, to become the amalgam, ab- 
sorbs 3.47 times its bulk of hydrogen gas, and 4:22 or 8.67 
times its bulk of ammoniacal gas. The increased levity of 
the’ mercury, they are of opinion, ‘may be explained ‘by 
the lightness of the elements with which it combines, and 
by heir being retained by so feeble an affinity, as to 
produce very little condensation. ‘This view of the subject 
has been opposed by Berzelius on theoretical grounds, for 

a statement of which the reader may consult the 77th vol. 
of Annales de Chimie, p. 79. In the present state of the 
inquiry, new facts seem to be wanting to determine the 
nature of this singular compound. ' 


Arm. 4.—Action of Potassium on Ammonia. - 


~ When potassium is melted in ammoniacal gas, it is 
‘changed into an olive green fusible substance; the ammonia 
almost entirely disappears ; and is replaced by a volume of 
hydrogen, precisely equal to that, which the same quantity 
of potassium would have disengaged from water. To effect 
this combination, ‘in the way rueethended by Gay Lussac 
and Thenard, a bent glass tube is employed, into which, 
‘when filled with perfectly dry mercury, a known quantity 


1 MACTIVE WUT .0C08 # Regherehes "i779! 


240 ANALYSIS OF AMMONIA, CHAP, VIII, 


of ammoniatal gas is admitted, and a determinate weight 
of potassium is then passed through the mercury, by means 
of a bent iron wire. Care must be taken to shake off from 
the potassium, and from that part of the tube which con- 
tains the gas, all the adhering globules of mercury; other- 
wise they interfere with the result. The part of the tube, 
which contains the potassium, is next gently heated by a 
spirit lamp; the metal enters into fusion, and is covered 
with a thin crust, which soon disappears; the brilliant sur- 
face ef the metal then is exposed; it absorbs much ammoz- 
niacal gas, and, ina few instants, is transformed into the 
olive-green substance. It is necessary, at this period, 
to remove the lamp; and indeed the regulation of the 
heat, which can only be learned by experience, occasions 
considerable variety in the results, and in the quantity of 
ammonia which disappears. ‘When the gas is used in suf- 
ficient quantity, all the potassium is changed into the olive 
compound; and it absorbs from 100 to 136 times its volume 
of alkaline gas. 

When the olive-coloured substance is areduplly 2 heated 
in a glass vessel, in contact with hydrogen gas, it enters. 
into a kind of ebullition; much gas is disengaged; and 
the mercury descends rapidly in the tube. When. the tube 
is not heated beyond a cherry red, nothing but ammonia 
is disengaged. But when this degree of heat is exceeded, 
hydrogen and nitrogen are obtained, in the proportions 
required to form ammonia, viz. 3 to1. In all cases, the 
residue is blackish, and is found to have lost its fusibility. 
Only three fifths, however, of the ammonia which has dis- 
appeared, can be attained by heat, either in the form of 
alkaline gas or of its elements. | 

When the olive-coloured substance is brought into con- - 
tact with water in close vessels, great heat is pers and 
the only products are potash and ammoniacal gas, the latter 
in exactly the same quantity which was originally absorbed, 
except a few hundredth parts, which are absorbed by the 
moist potash. The only caution, necessary to obtain this 
‘result, isnot to use more water than is absolutely necessary. 
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Precisely similar phenomena occur, when ‘sodium ‘is 
-heated in ammoniacal gas ; the sodium is transformed into 
an olive-green substance ;.ammonia is absorbed, and hy- 
-drogen ‘is evolved, in exactly the same quantity as by the 

.action of an equal weight of sodium on water. 

The experiments. of Sir H. Davy on the olive-coloured 
compound agree, in the main, with those of Gay Lussac 
and Thenard. By distillation per se, he obtained some 
undecomposed ammonia, ‘and hydrogen and nitrogen gases 
in the proportion by volume of 24 of the former to 1 of the 
latter. He examined the residue of its distillation with 
much attention ; and describes it to be a black, shining, 
“opaque, and brittle substance, highly inflammable when 
exposed to air at the ordinary temperature. When sub- 
‘mitted by itself to distillation at a strong heat, ina platina 
tube (which was done with the expectation that nitrogen 
gas only would have been evolved), a mixture of gases was 
obtained, consisting of only one fifth nitrogen, and four 
fifths hydrogen, without any ammonia ; and Bin re- 
mained in the tube. , 

Though these facts cannot be easily ie sce except 
on the supposition that nitrogen is an oxide; yet (as is can- 
didly acknowledged by Sir H. Davy), in processes so de- 
licate and complicated, and inyolving such numerous data, 
we cannot be certain that every source of fallacy has been 
avoided, and every circumstance observed and reasoned. 

upon, - : 
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“CHAPTER 1 Ix. Cela 50 
EARTHS, 

THE term earth was, till lately, employed to denote * 2 
tasteless, inodorous, dry, brittle, and uninflammable sub- 
stance, not more than five times heavier than water.” ‘This 
definition, however, was rendered imperfect by the disce- 
very, that certain earthis have a strong taste, and are readily 
soluble in water, which yet possess the other characters of 
earthy bodies. Some of the earths were therefore removed 
from this class, and arranged among the alkalis.. The clas- 
sification, however, which appears tome most eligible, is 
that which divides them imto earths simply, and adkaline 
earths the latter partaking of the characters both of earths 
and alkalis, The alkaline earths are Barytes, Strontites, 
Lime, and Magnesia. The earths are Silex,, Adutnitie, 
Zircon, Glucine, and Yttria *. york 

Until thé important zra a Sir H. Davy’s S discoveries, 
the earths were, with respect to the state of our knowledge, 
simple or elementary bodies. Many conjectures, it is true, 
had been formed respecting their nature; and, among these 
we find that their bemg composed of oxygen and a metallic 
base had been suggested asa probable theory +. Led by 
the analogy arising from his experiments on the alkalis, Sir 
H. Davy, however, was the first to demonstrate what had 
before been only imagined; and to disunite, by the agency 
of strong electrical powers, the constituent principles of 
several of this class of bodies. 

Tn this part of the investigation, difficulties were encoun- 
tered which demanded great perseverance and more com- 
plicated processes. The affinity of the earthy bases: for 
oxygen appears considerably to surpass that of the metals: 


if eee aS eT DY SMM ER Soe ee ee ee ae 
e The peat, x Tromsdorff has been shown, by Berthollet, to be 
merely Phosphate of Lime, . Nicholson's Journal, 8vo. vii. 117. 
+ The reader may consult a history of opinions respecting the earths, 
in a note to Mr. Davy’s paper, Philosophical Transactions, 1808. | 
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composing potash and soda; and it was found that simple 
exposure to the opposite electricities was not adequate to the 
. separation of the principles, which compose the earths; or, 
at least, that the effect’ was too indistinct. to fernish satisfac+ 
tory evidence of their nature. Sir H. Davy was, therefore, 
induced to electrify the earths, as he had formerly operated 
on potash, iti contact with the oxides of known metals; with 
the expectation that the metallic base of the earth would 
unite with the metal contained in the oxide he employed, 
and form an alloy, Thus a mixture of barytes and red oxide 
of mercury might be expected to yield an alloy of mercury 
with the metallic base of barytes; and such, in fact, was 
the result of the experiment; for a solid amalgam adhered 


_ to the negative wire, which, when thrown into water, evolved 


hydrogen, leaving pure mercury, and a solution of barytes. 
Mixtures of lime, strontites, or magnesia with oxide of mer- 
cury gave similar amalgams, from which the respective alkalis 
were regenerated by the action of air or water; but the 
quantity obtained was too minute for investigation. 

“On the suggestion of Professor Berzelius of Stockholm, 
the earths were next electrified negatively in contact with 
Mercury itself; and in this way amalgams were obtained 
from burytes, strontites, lime, and magnesia. ‘These com- 
pounds of mercury with the metallic base of the earths de- 
composed water; and the earth, which had afforded them, 
was regenerated. Under naphtha, they might be preserved 
for a igintesicibir able time; but at length they hiedide covered 
with a white crust of the regenerated earth. 

To procure quantities of these amalganis sufficient fot 
distillation, the earths were slightly moistened, and mixed. 
with one third of red oxide of mercury: the mixtute was — 
then placed on a plate of platina, a cavity was made in the 
upper part of it to receive a globule of mercury of from 50 
to 60.grains in weight, and the whole was covered with a 
thin film of mercury; lastly, the plate was made positive, 
and the mercury negative, by a proper communication with 
a battery of 500 pairs, 

From these amalgams, the mercury was separated by 

RZ | 
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distilling ‘in’ small tubes’ of glass. filled with the vapour of 
_ naphtha. Considerable difficulties, however, attended these 
operations, and after all Sir H.. Davy could, in no case, be 
absolutely certain, that there was not a small quantity of 
mercury in combination with the metals of the earths. 

The proportion of oxygen and metal has not yet been 
ascertained in any of the earths; but the evidence from 
analysis of their composition is perfectly satisfactory, the 
inflammable base. appearing uniformly at the negative sur- 
face in the Voltaic Pesci ist and the oxygen at the positive 
‘surface. . 

The Hecortiposition og the other earths, ain silex, 
zircon, and glucine was not effected by the same means, 
that had been applied successfully to the alkaline earths. 
Combinations of potash and alumine,, and of potash and 
silex, were electrified with the hope that the bases of these 
earths would be obtained in the state of an alloy with potas- 
sium. Soda and zircon were similarly treated. In all these 
cases, the phenomena indicated that some portion of the 
several earths had been decomposed; but in too minute a 
quantity to examine the properties of their bases. =.» > 

Lastly, potassium, amalgamated with about one third its 
weight of mercury, was electrified negatively under naphtha, 
in contact with the four earths, which were last enumerated. 
The potassium generated was thrown into water, and the 
alkali produced saturated with acetic acid. Now if any 
metal had thus been obtained from the earths, it would exist 
in the form of an alloy with potassium; both metals would 
be oxydized by the water; the potassium would reproduce 
potash, and the other metal the earth which gave it origin, © 
which earth would be dissolved by the solution of potash, 
and would reappear on adding an acid. The general tenor 
of the results gave great reason to conclude that alumine, 
- silex, glucine, aaa zircon are, like the alkaline earths, me- 
tallic oxides. ! 
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SECTION L. 
Bar "y tes. 


Bai ytes may be obtained in a state of putty, by ve oat 
ination of its carbonate or nitrate, in a manner which will 
be hereafter described. (See chap. xi. sect. 4. art. ta, It 
exhibits, when pure, the following properties. 

-T. Barytes, in a ‘pure form, ‘has a sharp caustic taste ; 
changes vegetable blue colours to green; and serves as the 
intermedium between oil and water. In these respects, it 
bears a strong resemblance to alkalis. 

II. When exposed to the flame of the blow-pipe on char- 
coal, it melts; boils violently; and forms small globules, 
which sink into the charcoal. After being kept in fusion 
in a crucible during ten minutes, it still, according to Ber- 
thollet, contains 9 per cent. of water; from theory it should 
contain 10.59 percent. This, however, is true only of 
barytes which has been obtained from the carbonate, by a 
process to be described hereafter. Barytes s, procured by de- 
composing the nitrate of that earth, is not fusible, and ape ‘ 
pears to contain little if any water *. 

III. If a small quantity of water be added to recently 
prepared barytes, it is absorbed with great rapidity; prodi- 
gious heat is excited; and the water is completely solidified, 
a sort of hard cement being obtained. A little more water 
-converts this mass into a light bulky powder; and, when 
completely covered with water, the barytes is dissolved. 
Boiling water should be employed for this purpose; unless 
sufficient temperature has been produced, by the sudden 
addition of the whole quantity necessary for solution. 

IV. When the solution, prepared with boiling water, is 
allowed to cool slowly, it shoots into regular crystals. ‘These 
have the form of flattened hexagonal prisms, having two 
broad sides, with two intervening narrow ones; and ter- 
minated, at each end, by a quadrangular pyramid. ‘They 


* Nicholson’s Journal, xxili, 281. 
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jose, according to Bucholz, half their weight of water in 
a red heat; the barytes then continues fused, and parts 
with no more water, though still combined with the propor- 
tion above stated. Mr. Dalton, from his experiments, in- 
_ fers that the. crystals contain 30 barytes and 70 water per 
cent, which would make them consist of 1 atom of barytes 
+ 20 atoms of water. : 

V. The crystals are so soluble, as to be taken up, when 
heated, merely by their own water of crystallization. When 
exposed to a stronger heat, they swell, foam, and leave.a 
dry white powder, amounting to about 47 parts from 100 of 
the crystals. This again combines with water with great 
heat and violence, At 60° of Fahrenheit, an ounce mea- 
sure of water dissolves only 25 grains of the. crystals, i, e. 
they require for solution, 171 times their weight of water. 
Exposed to the atmosphere, they eftlor CBee), and become. 
pulverulent. 

‘VI, When added to spirit of wine, and heated in a spoon 
over a lamp, they communicate a yellowish colour to its 
flame. 

VII. The specific gravity of this earth, according’ to Four- 
croy, is 4, but Hassenfratz states it at only 2. 374. The 
former account, however, is the more probable. All its com- 
binations have considerable specific gravity; and hence its 
name is derived, viz. from the Greek word @api; signifying 
heavy. The weight of its atom Mr. Dalton states ae 
but this number is probably too low, 

_ VIII. Barytes does not unite with any of the alkalis. 


Of the base of barytes, or barium,—The base of baryteS 

was obtained by Mr. Davy by distilling its amalgam, ob- 
tained in the following manner. A quantity of native car- 
bonate of barytes was made into a paste with water, and 
placed on a tray of platina; a cavity was made in the paste 
to receive a globule of mercury, which was rendered nega- 
tive, at the same time that the platina was made positive 
by means of a voltaic battery, containing about 100 double 
plates. In a short time; an amalgam was formed consisting 
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of mercury and barium. This amalgam was introduced 

into a little tube made of glass free from lead, which was 

bent into the shape ofa retort, then filled with the vapour of 

naphtha, and hermetically sealed. Heat was then applied 
to the tube, till all the mercury was driven off. 

The residuum of this distillation was a dark grey metal 
with a lustre inferior to that of cast iron. At the ordinary 
temperature of the air it remained a solid; but became fluid 
at a heat below redness. [t did not rise in vapour, till heated 

‘nearly to redness, and then acted violently upon the glass. 

When exposed to the air, this substance rapidly tarnished, 
and fell into a white powder, which was barytes. When 
this process was conducted in a small portion of air, the 
oxygen was found absorbed ; and the nitrogen remained 
unaltered. A portion of it thrown into water acted upon it 
with great violence, and sunk to the bottom, producing 
Beryiee and evolving hydrogen gas. 

The quantities obtained were too minute for an examina- 
tion either of its. physical or chemical qualities. It sunk 
rapidly in water, and even in sulphuric acid, though sur- 
rounded by -globules of hydrogen equal to two or three 
times its volume. Hence it is probable that it cannot be 
less than four or five times as heavy as water, It was 
flattened by pressure, but required cousadenanie force for 
this effect. 

The proportion of the components of fet Sir H. 
Davy deduces to be-89.7 barium and 10.3 oxygen per cent. 
The determination of Berzelius nearly agrees with this, viz. 

Barium.... 89.52... .100.00 
Oxygen .... 10.48.... 11.69 


eet en es 


100 111.69 


_ Barium, from the experiments of Gay Lussac and The- 
nard, appears capable of combining with a larger quantity 

of oxygen than exists in barytes; for when pure barytes; 
prepared from the nitrate, was heated in dry oxygen gas, 
the gas was rapidly absorbed, and the earth sect grey, 
and appeared glazed. on its surface. 


Pi 
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On the supposition that barytes consists of an atom of 
barium united with an atom of oxygen, the atom of barium 
should weigh 64, and that of barytes 71.5. The second 
oxide pr obably contains an additional atom of oxygen; and 
its atom, in that case, will weigh 79. 


SECTION II. 
Strontites. 


I. Srrontites (called also Strontia, from Strontian in 
Scotland, the place where it was first discovered) resembles 
barytes i in many of its properties; and all that is included 
in the first three paragraphs of the last section ay be ap- 
plied, also, to this earth. 

II. Like barytes, strontites is readily soluble in biting 
‘water; and the solution, on cooling, affords regular crys- 
tals; but the shape of these differs considerably from that ' 
of barytic crystals. The crystals of strontites are thin quad-~ 
rangular plates; sometimes square, oftener parallelograms: 
not exceeding in length, and not reaching in breadth, a 
quarter of an sie Sometimes their edges are plain, but 
they oftener consist of two facets, meeting together, and 
forming an angle like the roof of a house. ‘They adhere to 
each Bther in such a manner as to form a thin plate, of an 
inch or more in length, and half.an inch in breadth. Some- 
times they assume a cubic form. 

III. These crystals undergo, by the action of heat, much 
the same changes as those of barytes; and leave only about 
32 per cent. of the dry earth. One part of the crystals re~ 
quires about 511 of water'at the temperature of 60° for 
solution, but boiling water takes up half its weight. Mr. 
Dalton supposes the crystals to consist of 1 atom of stron- 
tites and 12 atoms of water. 

IV. Boiling alcohol, with the addition of hehe ales 
burns with a blood red flame. 
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V. Strontites does not combine with alkalis. Barytes 
has no affinity for it; for no precipitation ensues, on mix- 
ing the watery solutions of the two earths. 

From the preceding enumeration of its characters, it 
appears that strontites differs from barytes in the form of 
its crystals, which contain also more combiried water, and 
are less soluble than those of barytes; and also in affording, 
with alcohol, a flame of different colour. ‘These distinctions 
were deduced by Dr. Hope, from his excellent series of ex- 
periments on the two earths *. Other circumstances of dis- 
tinction, derived from the tecistitis of their respective nie 
will be stated ees 


of the base of strontites or strontium.—Strontium may be 
procured by exactly the same process as barium, substituting 
the native carbonate of strontites for that of barytes. It 
was first obtained by Sir H. Davy in 1808, but in very 
minute quantities. It resembled barium, had not a very 
high lustre, was difficultly fusible and not volatile. It was 
converted into strontites by exposure to air, or by contact 
avith water. 

The product of its oxidation, strontites, Sir H. Davy 
thinks it probable is composed of 86 strontium and 14 
oxygen. In this case, 45 would be nearly the weight of the 
atom of strontium, and 52.5 that of the atom of strontites. 


SECTION IIL. 
Lime. 


I. Its external qualities. —These may be exhibited in 
‘common quicklime, such as is employed for the purposes of 
‘building or agriculture. In the same state, it is sufficiently 
pure for demidnstyating its chemical properties; but, when 


* See Edinburgh Transactions, vol. iv. , 


oe “ie ; - 
Ets 


250 LIME. CHAP, Ix, 


used for purposes of the latter kind, it should be fresh burnt 


from the kiln, For accurate experiments, it should be pre: 


pared by calcining Carara or Parian marble in a crucible 
for several hours, Its specific gravity is 2.3. It requires 
an intense heat for its fusion, and is not volatile. 

IJ. Relation of lime to water, 

(a) Lime absorbs water very rapidly with considerable 


‘heat and noise. This may be shown by sprinkling a little 


water on some dry quicklime, The above-mentioned phe- 
nomena will take place, and the lime will fall into powder, 
which has been called hydrat of lime. In this compound, 
the lime is to the water, according to Mr. Dalton, as 23 to 
8; according to Davy, as 55 to 17; and to Berzelius, as 
100 to 32.1. Some care, however, is necessary in. its pre- 


paration, lest more water should be added, than is essential 


to its-constitution, It affords a very» convenient form of 
keeping lime, for occasional use in a laboratory; for the’ 
hydrat may safely be preserved in glass bottles, which are 
almost constantly broken by the. earth in its perfectly dry 
state. The hydrat of lime differs from those of barytes and 
strontites, In retaining its water much less forcibly; for the 
whole of it may be expelled by a strong red heat. 

The degree of heat, produced by the combination of lime 
with water, is supposed by Mr. Dalton to be not less than 
800°, and is sufficient to set fire to some inflammable bodies; 
and when a large quantity of lime is suddenly slaked in a 
dark place, even light, according to Pelletier, is sometimes 


evolved. The caloric, which is thus set at liberty, is doubt- 
less that contained in the water, and essential to its fluidity. 


By combination with lime, water passes to a solid state, and 
probably even to a state of much greater solidity than that 
of ice. Hence, during this change, it evolves more caloric 
than during conversion into ice; and hence even ice itself, 


-when mixed with quicklime, in the proportion of one to 


two, enters into a combination which has its temperature 


raised to 212°. When a sufficient quantity of water has been 
-added to reduce lime into a thin liquid, this is called anilk 


or cream of lipked in: sisisapiuinde de> 
2 


ema <= 
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. Lime $4, in some degree, convertible into vapour by com- 
bination, with water. When a piece of moistened paper, 
stained with the juice of the violet, is held in the steam; 
which arises from lime suddenly slaked, its colour is changed 
from blue to green. Hence the smell which is Aree, 
_ during the slaking of lime. 

(b) Lime absorbs moisture from the atmosphere, sms falls 
pracusly into powder. 

(c) Lime is very sparingly soluble in water, wx. in the 
proportion of about 1 to 500; according to Thomson, 1 to 
758; to Davy, 1 to 450; and to Dalton, at 60° Fahrenheit, 
1to 778. The experiments of Mr. Dalton tend to establish 
a curious fact respecting the solubility of lime, viz. that it 


dissolves more plentifully in cold than in hot water. He. 


has given the following table, the first column of which 
expresses the temperature of the water; the second, the 
number of grains of water, required to take up one grain of 
lime; and the third, the number required ‘to dissolve one 
grain of hydrate of lime. 

Grains of water Grains of water 


‘Temperature. that dissolve that dissolve 
1 gr. of hme. 1 gr. of hydrate. 
2a Lea Reap tanh gg BNR ge ia Boe 584 
2. 4 al kee ae : ites sels eas 8 te 720 


RIOT SAG RSTO: BRO GSS 


At the freezing point, or nearly so, Mr. Dalton thinks it 
probable that water would take up nearly twice as much’ as 


lime, as is dissolved by ae water. 


ag ee 
lime-water. This solution NONE strongly of lime, turns — 


vegetable blues to green, and unites with oil, forming an 
imperfect soap. To prepare the solution, lime is to be 
slaked to a thin paste, and a sufficient quantity of water 
afterwards added. The mixture is to be stirred repeatedly, 
the lime allowed to settle, and the clear liquor decanted for 
use, It must be preserved in closely stopped vessels, for rea- 
sons which will be stated in the chapter on carbonic acid. 

(d) Lime does not combine, in any notable proportion, 
with the alkalis or earths already described. 


td 
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The base of lime, to which Sir H. Davy has given the 
name of calcium, he has never been able to examine, ex- 
posed to air or under naphtha. In the case, in which he. 
was able to distil the quicksilver from its amalgam, to the 
greatest extent, the tube unfortunately broke whilst warm; 
and, at the moment that the air entered, the metal, which 
had the colour and lustre ‘of silver, instantly took ti and 
burnt, with an intense white light, into lime. 

-. "There appears to be only one compound. of calcium and 
oxygen, viz. lime; and, in this, the oxygen is to the metal, 
according to Sir H. Davy, as 7.5 to 20. Berzelius electrified 
lime liquor in contact with mercury, and obtained an amal- 
gam of mercury with calcium. On. this, water was made: 
to act; and, from the quantity of lime that was formed, he 
estimated its composition to be, 


Catrigur er ate Ads foes sate 100 
ORV Re VPA POT y ce 8 39.4 
100 139.4 


‘This ‘would make the atom of calcium to weigh 20, and 
the atom of lime 27.5, and of the hydrate 36. ' 


‘SECTION IV. 


Magnesia. 


pile 


- Maeyesra possesses the properties of an alkali, but in a 
considerably less degree than any of the iat earths. 
Its characters are as follow: 

When perfectly pure, it is entirely destitute of taste and 
smell. Its specific gravity is between 2 and 3. 

II. No heat is excited by the affusion of water, and bay 
avery small proportion, not exceeding a-2000dth its weight, 
of the earth is dissolved. Magnesia appears, however, to 
have some affinity for water; for when moistened, and after- 
wards dried, its weight is found increased in the proportion 
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of 118 to 100. . When precipitated by pure siticls or soda 
from any of its salts, it falls down in union with water as 2 
hydrate, which, when. dried by a very gentle heat, forms 
some transparent masses, In this state, according to Davy, 
it contains about 1 of its weight of water; or, according to 
Berzelius, 100 parts of magnesia absorb from 142 to 144 
of water. 

III. Magnesia changes to green the blue colour of the 
violet; but the watery solution of magnesia, when filtered 
precitae, paper, does not produce a similar effect. In this 
respect, it differs from lime. It reddens turmeric like the 
alkalis. 

IV. It is not dissolved by liquid alkalis nor St sibs 
earths; and in the dry way, it has no affinity for _— 
or strontites. 


The base of magnesia, for which Sir H. Davy has proposed 
the term magnesium, is but imperfectly known. In the 
attempts-to distil its amalgams, the metal seemed to act 
upon the glass, even before the whole of the quicksilver was 
distilled from it. In one experiment, in which the process 
was stopped, before the mercury was entirely driven off, it 
appeared as a solid, having the same whiteness and lustre 
as the other metals of the earths. . It sunk rapidly in water, 
though surrounded by globules.of gas, and produced mag- 
nesia. In the air, it quickly changed, becoming covered 
with a white crust, and falling into a white powder, which 
proved to be magnesia. This earth Berzelius states, in 
round numbers, to consist of 38 or 39 per cent oxygen, and 
61 or 62 magnesium. 


= 
SECTION Y. 
Silex. 
I. Siliceous earth, or silex, may. be obtained tolerably 


pure from flints by the following process: :—Procure some 
common gun-flints, and calcine pee in a crucible in a low 
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_red-heat. By this treatment they will become brittle, and 
easily reducible to powder, Mix them, when pulverized, 
with three or four times their weight of carbonate of pot- 
ash, and let the mixture be fused in a strong red-heat, ina 
crucible. The materials must bear only a small proportion 
to the capacity of the crucibles and the heat must at first 
be very moderate, and slowly increased. Even with this 
precaution, the mass, on entering into fusion, will be apt to 
everflow; and must be pressed down as it rises, by an iron 
rod. When this effervescence has ceased, let the heat be 
considerably raised, so that the materials may be in perfect 
fusion during half an hour, and pour the melted mass ona 
copper or iron dish. We shall thus obtain a compound of 

alkali and siliceous earth. _ Dissolve this in water, filter the 
~ solution, and pour it into diluted sulphuric or muriatie acid. — 
An immediate precipitation will ensue, and, as long as this 
continues, add fresh portions of the solution. In} precipi- 
tating the alkaline solution of silex, more acid must be used 
than is sufficient to engage the alkali; and the alkaline 
liquor must be added to the acid, and not the reverse; for, 
in the latter case, the precipitate will be glass, and not 
silex. let the precipitate subside, pour off the liquor that 
. floats above it, and wash the sediment with hot rare ath it 
comes off tasteless, Then dry it. 

Silex, obtaimed by this process, though pure enough for 
the following experiments, may still contain a portion of 
alumine. To separate the latter earth, boil the precipitate 
with dihited sulphuric acid, to which a little sulphate of pots 
ash'may be added. The alumine will thus be dissolved; and 
the silex may be freed from the solution of alum by repeated 
washings with water. Even silex, however, that has been 
most caeetalls washed, still gives traces of potash on the 
application of electro-chemical powers. (Davy.) 

II. Siliceous earth, as thus obtained, has the following 
png | 

(a) It is: perfectly white and tasteless. » It‘is infusible, 
except by the intense heat of Voltaic electricity. To a 
éettain degree it appears: to be-volatile,. for a filamentous - 
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substance, collected from iron furnaces, and resembling amis 
anthus, was fourid by Vauquelin to be pure silex. | 

() When mixed with water, it does not form a cohesive 
mass like alumine, and has a dry and harsh feel to the 
fingers. It retains, when fresh precipitated, about 26 per 
Conk: of water, after being dried at 70° Fahrenheit. But, 
according to Berzelius, ‘this, Water de’not chemically com- 
bined. 

‘(c) It is insoluble in water. Yet, when fresh precipi- 
tated, water has the property of retaining in solution about 
one thousandth of its weight *. That silex, however, is 
dissolved in water by processes of nature, can scarcely be 
doubted, when it is considered, that it is found, in con- 
siderable quantities, in a crystallized form. 

(d) It is not acted on by any acid, except the fluoric. 
_ Sulphurie acid poured on this compound, according to Dal- 
ton, expels the fluoric acid, but does not unite with the 
silex. But though the earth itself is not dissolved by acids, 
yet when fir st combined with an alkali, it unites with several 
acids, forming triple salts +. When fresh precipitated, how- 
ever, Dr. Marcet asserts, that it is sparingly soluble in most 
acids; and, for this reason, he recommends, in analysis, to 
precipitate silex by muriate of ammonia, which does ri 
like the acids, redissolve it. 

(e) When prepared in the foregoing manner, and very 
minutely divided, silex is taken up by a solution of pure 
potash, or of soda, but not by ammonia. In the aggregated 
state of flints, however, it is perfectly insoluble in this way 
by alkaline solutions, an éxcellent illustration of the prin- 
ciple that’a very minute division of solid bodies, by presenting _ 
a greater surface to the-action of fluids, facilitates solution. 

(f) When mixed with an equal weight of carbonate of 
potash, and exposed to a strong heat in a furnace, it forms 
‘a glass, insoluble i in water, dnd: identical in all its properties 
hiies the glass commonly manufactured. It is here: to the 


» 
~ 


| * See Klaproth’s Cad tutions, vol. i. ‘page 399, 400, 
+ 81 An.Chim. 239: ‘| 
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siliceous earth which it contains, that glass is decomposed 
by the fluoric acid. Glass, however, has occasionally other 
amen besides the two that have been mentioned *. 

~(g) With a larger proportion of alkali, as three orfour 
ears to one of silex, this earth affords a compound called, 
by Dr. Black, silicated alkali. ‘This compound, formed by , 
the process which has been just described, is soluble in 
water, and affords a good example of the total change of the. 
properties of bodies by chemical union; for, in a separate 
state, no substance whatever is more difficult of solution ‘ 
_ than silex. The solution of silicated alkali was formerly 
termed, liquor silicum, or liquor of flints, Acids seize the. 
alkali, and precipitate the silex, which is even separated by 
mere exposure to the atmosphere, in consequence of the. 
absorption: of carbonic acid by the alkali. Without atten- 
tion to the circumstances. mentioned in speaking of its pre- 
paration, glass, and not silex, is separated by acids }. . . 
. (hk) Barytes, or strontites, and silex combine together, in. 
a manner similar to the union of this earth with alkalis; but 
the combination has not been applied to any useful purpose. 

(i) When a solution of silex in potash is mingled with 
one of barytes, of strontites, or of lime in water, or of alu-. 
mine in alkali, a precipitation ensues. Hence silex may 
be inferred to have an affinity for all these earths, in the 
humid way. The composition of these precipitates is stated 
by Mr. Dalton in his System, p. 541. 


Bess of silex.—In his attempts to obtain the base of silex, 

or silicium, in a state of separation, Sir H. Davy. has 
hitherto been unsuccessful; though the results of his ex- 
periments leave little room to doubt that this earth 4 is, like 
“the rest, a metallic oxide. 

_.. Berzelius decomposed silex, by fusing it aan Bets) 
and iron in a blast furnace. He obtained an alloy of iron 
and silicium, which, by the action of a diluted acid, gave © 


* See Guyton Ann. de Chin. vol. 7 3. : 
+ See Dalton, p. 532, 
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more hydrogen than the same weight of iron *.. This process 
was successfully repeated by Stromheyer, and the properties 
of the different alloys investigated. He recommends the 
fusion of 7 parts of iron, 5 of silex, and from + to 58;ths of a 
part of soot. From the results of acting on the alloy by. 
dilute acids, Berzelius infers silex to consist of — 


5 Silicium .. 5.6. ..45:92.. 0005000100 
Oxygen eoeoees 54.08 earn ee ose 117.38 


100. 217.38 


And Sir H. Davy deduces the proportions to be 31 of 
metal to 30 oxygen. ‘These numbers, however, can be 
considered in no other light than as approximations; but 
‘since, according to recent experiments}, three parts. of 
potassium are required to decompose one of silex, that’ earth 
cannot contain much less than half its weight of oxygen. 
_ The base, Sir H. Davy now believes not to be a metal, but 
a substance most resembling Joron; and like it bearing an 
analogy to charcoal, sulphur, and phosphorus. 


SECTION VI. 


Alumine. 


I. Alumine may be oltained free from other earths, but 
still combined with carbonic acid, by precipitating a solu- 
tion of alum in water by the crystallized carbonate of pot- 
ash. To secure its complete purification from sulphuric 
acid, Guyton advises that the precipitate be re-dissolved in 
nitric acid, that nitrate of barytes be cautiously added to 
the solution, till it no longer occasions milkiness, and that 
the alumine be afterwards precipitated, or separated from 
the nitric acid by heat {. Electro-chemical analysis, how- . 


* $1 An, Ch.179. ‘See also his account of an attempt to analyze 
‘silica, in 40 Phil. Mag. 201. . 
¢ Phil, Trans, 1814, p. 67, ¢ Annales de Chimie, xxxii. 64. 
VOL. I, 8 
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ever, in this as in many other instances, shows the imper- 
fection of the common methods of separating bodies from 
each other; for the most carefully prepared ‘alumine yields 
the metals of soda and potash, when negatively electrified in 
contact with mercury *. Berzelius, also, found that when 
alumine is precipitated either from the sulphate or nitrate, 
it is contaminated with, those acids; but not with the mu- 
riatic, when thrown down from the muriate of alumine by 
ammonia. 

II. Alumine has the following properties : 

1. It is destitute of taste and siete 

2. When moistened with water, it forms.a cohesive rie: 
ductile mass, susceptible of being kneaded into a regular 
form. It is not soluble in water; but retains a considerable 
quantity, and is, indeed, a hydrate, containing, when. dried 
at the temperature of the atmosphere, almost half its weight 
of water. Even after ignition, alumine has such an affinity 
for moisture, that it can scarcely be placed on the scale, 
without acquiring weight. Berzelius found that 100 parts 
of alumine, after being ceeied, gained 15} from a dry atmos- 
phere, and 33 from a humid one. For full saturation, 100 
ae of alumine, he ascertained, require 54 of water +. 

. It does not affect blue vegetable colours. 

. It is dissolved by the liquid fixed alkalis, and is precipi- 
oe by acids unchanged. In ammonia, it is very sparingly 
soluble. It is not soluble in alkaline carbonates. 

5. Barytes and strontites combine with alumine, both by 
fusion and in the humid way. In the first case, the result 
is a greenish or blueish colour ed mass. In the second, two 
compounds are formed. ‘The first, containing an excess of 
alumine, is in the state of an insoluble: powder; the other, | 
having an excess of the alkaline earth, remains in solution. 
pep shee may be united, by. fusion, with the fixed alkalis, . 
and. with most of the earths. 

6. Alumine, as will be afterwards show Ty has. a ‘strong : 
affinity for colouring matter. 


4 


'* Davy, Philosophical Transactions, 4308. | 
+ 82 An, Chim. 14, is 


. 
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7. Alumine has the property of shrinking considerably 
in bulk, when exposed to heat, and its contraction is in 
proportion to the intensity of the heat applied. On this 
property is founded the pyrometer of Wedgwood, which mea- 
sures high degrees of heat, by the amount of the contraction 
of regularly shaped pieces of china clay. The pieces of 
clay are small cylinders, half an inch in diameter, flattened 
en the under surface, and baked in a low red-heat. The. 
contraction of these pieces is measured, by putting them 
between two fixed rulers of brass or porcelain, twenty-four 
inches long, half an inch distant from each other at one 
end, and three tenths of an inch at the other. The rulers 
are divided into 240 equal parts, called degrees, which com- 
mence at the wider end; and each of which is equal to 130° 
of Fahrenheit. ‘When the clay piece is fixed in its place, 
before exposure to heat, it is stationary at the first degree, 
which indicates about 1077° of Fahrenheit. After being 
strongly heated, in a small case which defends it from the 
fuel, its bulk is diminished, and it slides down, between the 
converging rulers, till stopped by their approach. ‘The 
number on the graduated scale, opposite to the upper end 
of the piece, indicates the degree of heat to which it has 
- been exposed. In the Appendix, rules may be found for 
reducing the degrees of Wedgwood’s pyrometer to those of 
Fahrenheit’s thermometer. 


Almost every thing that has been said respecting the base 
of silex is true, also, of that of alumine; for Sir H. Davy 
attempted the decomposition of the two earths by much the 
same processes. ‘ All that his results afford, is a strong pre- 
sumption that alumine is a metallic oxide; but its base, 
alumium, has not been yet obtained in such a state as to 
make it a fit object of investigation. Yet alloys have been 
formed, which give sufficient evidence of its existence; and 
the presence of oxygen in alumine is proved, by its chan gies 
potassium into potash, when ignited with that metal. 
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SECTION VU. 
Zircon. 


I. Tus earth was discovered by Klaproth in the ‘year 
1789, in a precious stone from ‘the island of Ceylon, called 
Jargon.or Zircon; and has since been detected in the hya- 
cinth. It may be obtained by the following process: 

Reduce the hyacinth to fine powder, which may be done 
in an agate mortar, after previously igniting the stone, and 
plunging it into cold water, to render it brittle. Mix the 
powder with nine times its weight of pure potash; and 
project it, by a spoonful at once, into a red-hot crucible, 


taking care not to add fresh portions till the former ones are 


melted. When the whole is in fusion, increase the heat 


for an hour, or an hour and a half. When the crucible 


has cooled, break it, and detach its contents; reduce them 


to powder, and boil them with distilled water. Let the in- 


soluble part subside; decant the clear liquor, and wash the 
- sediment with water, till the washings cease to precipitate 
muriated barytes. On the residuum pour muriatic acid to 


excess, and boil it during a quarter of an hour; filter the | 


liquor, and evaporate to dryness ‘in a leaden vessel. Re- . 


dissolve the dry mass; filter again, and precipitate the 
zircon with carbonate of soda. ‘The carbonate of zircon is 
thus obtained, from which the carbonic acid ai be em 
by calcination. 

{I. Zircon has the following properties: 


Ud 


1. It has the form of a fine white powder, which has. 


somewhat the harsh feel of silex, when rubbed between the 
fingers. It is entirely destitute of taste and : smell. Its 
specitie gravity exceeds 4. | | 
. It is insoluble in water; yet it appears to have some 
affinity for that fluid, for it retains, when slowly dried after 
precipitation, one third its weight, and assumes a yellow 
colour and slight transparency, like that of gum Arabic. 
3. Itis.insoluble in pure liquid alkalis; nor does it even 
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combine with them by fusion; but it is soluble in’ alkaline 
carbonates. Jn the foregoing process,. therefore, the car= 
bonate of soda should not be added to excess. 

4, Exposed to a strong heat, zircon fuses, assumes a slight 
greycolour; and such hardness, on cooling, as to strike fire 
with steel, and to scratch glass, or even rock crystal. 

5. Its action on other earths has not been fully inves- 
tigated. 

6. It is precipitated from its solutions in acids by triple 
prussiate of potash *. 

ILI. The base of zircon, or zirconium, is still unknown to 
us, though investigated by Sir H. Davy in the same manner 
as the base of silex. When potassium was brought into 
contact with ignited zircon, potash was formed, and dark 


_ metallic particles were diffused through the alkali, 


SECTION VIII 


Glucine. 


I. Tus earth was discovered by Vauquelin, in the year 
1798. He obtained it from the aqua marine or beryl, a 
precious stone of a green colour, and very considerable | 
hardness, which is found crystallized in Siberia. Glucine 
has since been detected in the emerald of Peru, and in the 
gadolinite. The following process may be employed to 
separate it from the beryl: 

Let the stone, reduced to a fine powder, be fused with 
three times its weight of pure potash. To the fused mass 
add a quantity of water, and afterwards diluted muriatic 
acid; which last will effect a complete solution. .Evaporate 
the solution to dryness, re-dissolve the dry mass, and add 
carbonate of potash so long as any precipitation ensues. 
Dissolve the precipitate in sulphuric acid, add a little sul- 


* Klaproth, il. 214, 
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phate of potash; and, on evaporation, crystals of alum will 
be obtained. By this process the alumine is detached. ‘The 
residuary liquor, which yields no more crystals, contains the 
glucine, and a small portion of alumine. Add a solution 
of carbonate of ammonia to excess; this will throw down 
the alumine, and the glucine will remain dissolved by the 
superabundant carbonate. When this solution is evaporated — 
to dryness, and moderately heated, the alkaline carbonate 
is expelled, and a carbonate of glucine remains, in the pro- 

portion of 16 parts from every 100 parts of the stone. 

TI. Glucine has the following properties : 

1. It is a fine white and soft powder, resembling alumine 
in its sensible properties; and, like that earth, adhering to 
the tongue. Its specific gravity is 2.97. 

2. It hasno action on blue vegetable colours. | 

3, It does not harden, or contract, like alumine, by heat ; 
ee is infusible. 

. It is insoluble in water, but fins with it a ductile 
RA 

5. It is soluble in liquid potash and soda, but not in the 
solution of pure ammonia. In these respects it agrees with 
alumine. | 

6. Glucine is soluble in carbonate of ammonia ; a pro- 
perty distinguishing it from alumine. 

7. It appears, like alumine, to have an affinity for co- 
louring matter. 

8. With the different acids it forms soi sanaae which 
have a sweet and rather astringent taste. Hence its name 
has been derived from yduxus, signifyans sweet. 

9. It is not precipitated by triple prussiate of potash. 

III. We have no knowledge of the base of glucine. When 
obtained, its proper détiominhgéin will be glucinum. The 
general fact of its existence is proved by igniting glucine 
with feng nls which is thus changed into potash, 7 
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SECTION IX. 
Yttria, or Ittria. 


I, Tris earth was discoverrd in 1794, by Professor Ga- 
dolin, in a stone from Ytterby i in Sweden, and its title to 
the character of a peculiar earth rests, also, on the unquese © 
tionable authority of Kiaproth. and Vauquelin, both of whom 
have made it-the subject of experiment. ‘The following 

process for obtaining it, is described by Vauquelin in the 
36th volume of the Annales de Chimie, page 150. 

Fuse the pulverized stone (called Gadolinite) in the man- 
ner already described, with twice its weight of potash; wash 
the mass with boiling distilled water, and filter. The filtered 
solution, which has a beautiful green colour, yields, during 

evaporation, a black precipitate of oxide of: manganese. 
When this has ceased to appear, allow the liquor.to stand ; 
decant the clear part, and saturate with nitric acid. Let 
the insoluble part be, also, digested with extremely dilute 
nitric acid, which will take up Ave soluble earths only, and 
will leave, undissolved, the silex and oxide of iron, Let the 
two portions be mingled together, and evaporated to dryness; 
then re-dissolved and filtered: by which means any remains 
of silex and oxide of iron are separated. To obtain the 
yttria from the nitric solution, it would be sufficient, if no 
other earth were present, to precipitate it by carbonate of 
_ ammonia; but small portions of lime, and of oxide of man- 
ganese, are still present along with it, The first is separated 
by a few drops of carbonate of potash ; ‘and the manganese, 
by the cautious addition of hydro-sulphurét. of potash. The 
yttria is then to be precipitated by pure ammonia, washed 
abundantly with water, and Gried, It amounts to about 35 
per cent. of the stone. 

II. Yttria has the following proper tiés : 

1. It is perfectly white; but it is difficult to preserve it 
free from a slight tinge of colour, owing to its contamination 
with oxide of manganese. 


264 YTTRIA. CHAP. IX 


. It has neither taste nor smell; and it is smooth to the 
conc, like alumine. 

3. It is insoluble in water, and infusible except by an 
intense heat. 

4, It is very ponderous ; its ect gravity being 4.842. 

5. It is not attacked by pure alkalis; and, in as respect, 
it differs from glucine and alumine, both of A are 
abundantly soluble in fixed alkalis. _ 

6. Like glucine, it is soluble in carbonate of ammonia but 
five or six times less so than that earth; or, in other words, 
of equal quantities of glucine and yttria, the latter requires 
- for solution five or six times more of the carbonate of am- 
- monia than the former. oes 

7. It is soluble in most acids; and is precipitated by pate 
alkalis, by barytes, and by lime. 

8. From these solutions it is also precipitated by the 
oxalic acid, and by oxalate of ammonia, in a state resem~ 
bling precipitated muriate of silver. Prussiate of potash 
throw it down in small white grains passing in a short time 
to pearl grey; phosphate of soda in a white gelatinous 
form; ; and infusion of galls in brown flocculi. 7 

9. Yttria, which has been along time exposed to the 
action of fire, gives out oxygenized muriatic acid, when 
dissolved in common muriatic acid; thus manifesting one 
property ofa metallic oxide * 

II]. The base of yttria hal not yet been exhibited in a 
separate form; but the presence of oxygen in yttria is 
established by its converting Povaasitan into potash, when 
ignited with that metal. 


* Nicholson’s Journal, xviii, 77. 
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CHAPTER X. 
OF ACIDS IN GENERAL. 


'THE term acid is assigned to all bodies, that possess one 
or more of the following properties. 

1. The acids have a peculiar taste, which is expressed in 
common language, by the term sourness. This is very 
different, as to its degree, in different acids. In some it is so 
intensely strong, that they cannot be applied to the tongue 
without producing pain; and it characterizes them, even 
when diluted with several hundred times their weight of 
water. The sourness of others is such only, as to render 
them agreeable to the palate. | 

_2. The acids redden blue vegetable colours; and they 
possess this property even when very greatly diluted. Hence 
blue vegetable infusions, or papers stained with them, be- 
come tests of the presence of uncombined acids. A single 
drop of sulphuric acid is capable of reddening a large quan- 
tity of water coloured with litmus, or with syrup of violets. 

3. The acids combine chemically with alkalis, earths, 
and metallic oxides; and totally destroy the peculiar qua- 
lities of those bodies. Let a few ounce-measures of water 
‘be tinged blue with syrup of violets; add a few drops of 
‘solution of potash, and the colour will be changed to green; 
then drop in, very slowly and cautiously, sulphuric acid much ° 
diluted, and the blue colour will be restored. At this point, 
neither the acid nor the alkali is in excess, or they are said 
to neutralize each other; and, on farther examination, it will 
be found that the other characteristic qualities of the com- 
ponents have ceased to be apparent in the compound. 

It is not necessary, however, in order to entitle a body to 
rank among the acids, that it should possess all the qualities 
‘which have been enumerated. The prussic acid, for ex-. 
ample, is neither sour to the taste, nor does it redden blue. 

§ 
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vegetable colours; but yet, from its manifesting the proper- 
ties of chemical combination, enumerated under the third 
head, it is arranged among the acids. Other bodies, again, 
are excluded (though perhaps improperly) from this class, 
which possess, partly, the characters of acids. ‘Thus sul- 
phuretted hydrogen changes the blue colours of vegetables 
to red; and combines chemically with alkalis and earths. 

All the. acids were inferred by Lavoisier, from analogy 
with those which had already been decomposed, to contain 
oxygen, which was considered, by that distinguished philo- 
sopher, as the general principle or cause of acidity. Since 
the brilliant discoveries of Sir H. Davy, we may, with equal 
justice, consider oxygen as the general principle of alka- 
_linity. And besides, it has been lately proved with respect 
to the new substance iodine, and has been rendered highly 
probable with respect to chlorine, that those bodies aftord 
acids by combining with hydrogen. The theory, therefore, 
that oxygen is essential to acidity, must be abandoned. But 
it is still important to know that most of the acids contain 
oxygen; because it explains many. of their most interesting 
qualities, depending on the transfer of oxygen from the 
acids to the.bodies on which they act. 

The peculiar properties of each acid are derived a the 
combustible base, with which the oxygen is united; and so, 
also, is its specific name. ‘Thus sulphur, when oxygenated, 
affords sulphuric acid; carbon, carbonic acid; and so of the 
rest. But the same combustible base admits of being com- 
bined with different proportions of oxygen; and the com- 
pounds, thus generated, are distinguished by a very different 
train of qualities. Sulphur, for ha pe when combined 
with the full proportion of oxygen, with which it is capable 
of uniting, affords a very dense and corrosive acid, called 
the sulphuric; when oxygenated in. a less degree, it yields 
a penetrating and suffocating gas called the sulphurows acid. 
By these two terminations, the degrees. of oxygenation, are 
distinguished. Thus we have the phosphoric and phos- 
phorous acids, the nitric and nitrous ; the termination zc de- 
noting an. acid with its full PRopAr tion of oxygen: In some 
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cases, a combustible base, which affords an acid when fully 
oxygenated, constitutes only an oxide whem combined with 
a less quantity of oxygen. Carbon, for example, affords 
carbonous oxide and carbonic acid, but, so far as is hitherto 
known, no intermediate product. 

The following table exhibits the compounds, which re- 
sult from the oxygenation of some of the principal \c com- 
bustible bases. | 


“100 parts of united with . Result... | 
Niivginie cosleiilll Bi eked hs ctae sith ibe neaesinil 
. 265 oxygen .. carbonicacid. 

132) carbonous oxide. 


{ .- 150 oxygen .. sulphuric acid. 
i 
ke 


Carbon... 


. sulphurous acid. 
. oxide of sulphur? 
. 285 oxygen .. nitric acid. 
.. Ritvous acid. 
.. 114 —— ... nitric oxide 

57 ——  .. nitrous oxide. | 
.. 114 oxygen .. phosphoric acid. 


Phosphorus ' kaivie .. phosphorous acid. 
~ { .. 88 —— .. oxide of phosphorus ? 


Sulphur — .. 


Nitrogen .. 


It is in consequence of the oxygen, which they contain, 
that several of the acids are decomposed by inflammable 
substances, with the disengagement of intense heat and light; 
or that the acids are (as they have been well termed by Dr. 
Thomson) supporters of combustion. This property belongs — 
most remarkably to the acids, in which oxygen is most 
weakly ¢éombined. Thus the nitric acid retains its oxygen 
so feebly, that many inflammable substances, when merely 
introduced into it at the ordinary temperature of the atmos- 
phere, take fire and burn with vehemence. 

All acids in a solid or liquid state, it has been ob- 
served by Berzelius, contain water as an essential element, 
and do not abandon it without decomposition. Sulphuric 
and nitric acids, for. example, cannot exist independently 
of water. In acids that are capable of assuming a solid form, 
water appears to exist in two states, as a hase essential to the 
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constitution of the acid, and as. water of crystallization. 
Thus the citric acid in crystals contains 21 per cent. of 
water, of which only one third can be expelled by heat 
without destroying the acid. 

Every acid, with a few exceptions, is capable of uniting 
with each individual of the classes of alkalis, earths, and 
metallic oxides. In these compounds, the separate qualities 
of the component principles are in many instances no longer 
apparent, and hence they have been called neutral salts. In 
every salt, then, there are present two distinct ingredients, 
The acid, of whatever kind it may be, has been denominated, 
by Lavoisier, the salifying principle; and the body, with 
which the acid is combined, whether an alkali, an earth, or 
an oxide of any of the common metals, the salifiable base, 
or simply the base. The salts, formed by an individual acid 
with all these different bases, may be considered as a genus 
or class; and may be distinguished by a generic name, ex- 
pressive, in part, of their composition. This generic name 
is taken from that of the acid. ‘The combination of sul- 
phuric acid, for instance, with any base, is called a sulphat 
or sulphate; of phosphoric acid a phosphate; and so of the 
rest. The name of the individual salt is derived from that 
of the base. Thus we have the sulphat of potash, the sul- 
phat of soda, &c. But sulphur, phosphorus, and other bo- 
dies, it has already been observed, are susceptible of differ- 
ent degrees or stages of oxygenation; and afford, in these 
different stages, acids which are characterized by a peculiar 
train of properties. The compounds, also, which result from 
the union of two different acids, having the same combusti- 
ble base, with alkalis and earths, are altogether different from 
each other. ‘The salt, for example, which sulphuric: acid 
affords with potash, is wholly unlike that which results from 
the combination of sulphurous acid with the same base. It 
was necessary, therefore, to distinguish the compounds of 
the more oxygenated from those of the less oxygenated acid; 
and. this has been done by changing: the termination from | 
ator ate to ite. Thus the salts, formed with sulphurous and. 
phosphorous acid, are called sulphites and shunlverae as 
sulphite of potash, phosphite of soda, &c, i 
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» An important law has been deduced, by Berzelius, respect- 
ing the combination of acids with bases, viz. that the quan- 
tities of different bases, required to saturate a given quantity of 
any acid, all contain the same quantity of oxygen. For ex- 
ample, 100 parts of sulphuric acid are saturated by a quan- 
tity of any base, containing 20 parts of oxygen; and 100. 
parts of muriatic acid by a quantity of base, which holds in 
combination 30.49 parts of oxygen. ‘These proportions do 
not seem to be changed by varying the state of oxygenation 
in the acid; for sulphites absorb oxygen to become sul- 
phates, and still remain neutral; the phosphites, when 
changed into phosphates, give up phosphorus and continue 
neutral. It would appear, therefore, that the proportion be-. 
tween the oxygen of the acid, and that of the base, is regulated 
by the proportion of the combustible ingredients of the acid 
- and base to each other. In sulphurets, for example, the 
metal and sulphur are in such proportion, that when both 
are oxygenated, the oxide, resulting from the one, precisely 
saturates the acid, resulting from the other. These facts 
strongly confirm the atomic theory, and cannot, indeed; be 
explained by any other. 

Hitherto, we have considered the compounds of ‘acids 
with their respective bases only in the state of neutral com- 
pounds, in which neither the acid, nor the base -predomi- 
nates. But we have several instances, in which a neutral 
compound is susceptible of uniting with an additional quan- 
tity of acid or of base, and thus of acquiring an entirely new 
set of properties. Potash and tartaric acid, for example, 
when united in the proportions which neutralize each other, 
compose an extremely soluble salt, which has no action on 
vegetable colours; but with a double proportion of acid, a 
salt is formed, which requires a large quantity of water for 
solution, has an acid taste, and instantly reddens vegetable 
blue colours. 

To distinguish this and sce similar salts, the epithet 
acidulous was first proposed; but, for the sake of brevity, it 
has now .become customary to prefix the Latin preposition 
super. Thus we have the super-tartrate of potash ; the su- 
per-sulphate of potash; &c. On the contrary, when the 
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base is predominant, we denote the deficiency of acid by the 

preposition sub, as sub-carbonate of potash, sub-borate of 
soda, &c. In the instance of the compounds of oxalic. 
acid with potash, Dr. Wellaston has employed the words 

linoxalate and quudroxalate, to express the proportions in 

which the acid wnites with the base; and this method of 
nomenclature he has extended to other salts, formed by the 
union of an acid and base in different propor tions. ‘There 

are several cases, however, ‘in which it is extremely difficult 
to decide, whether a salt is to be classed among NIUE or 
among sul or super salts * 

Bliss dreta tow fuietalipet of salts with compound bases ; 
and in cases of this kind it is customary to annex to the ge- 
neric name those of both the bases. Thus, for example, we 
have the tartrate of potash and soda, the phosphate of am- 
monia and magnesia, or as it is sometimes called ammo- 
niaco-magnesian phosphate. . 

' Inno part of chemistry is the cibionall of the new no- 
menclature more sensibly experienced, than in the class of 
" neutral salts; for the number of these compounds is suscep- 
tible of being multiplied to an immense extent. If the know- 
ledge of che name did not lead to that of the compound, 
scaitely any memory would be adequate to retain them. 
But by changing the arbitrary titles, formerly assigned to 
them, for names expressive of their composition, we are fur- 
nished with a kind of artificial memory, which renders their 
recollection perfectly easy.. Thus for the terms butter of 
antimony, sugar of lead, and Glauber’s salt, are now substi- 
tuted the more appropriate epithets of muriate of antimony, 
acetate of lead, and sulphate of soda. 

Of those acids, which are supporters of combustion, a few 
retain the same property even in combination. Nitrate of 
- potash, itis well known, enters into active inflammation with 
charcoal, sulphur, and other combustible bodies. This is 
owing to the quantity of oxygen which the nitric acid con- 


* See the Remarks of Berzelius, Ann. de Ch: 1m, vol. sane gaye 264, 
and vol. Ixxxii, p, 225. ; 
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tains, and which is less strongly attracted by the nitrogen 
than by the newly added body. 

Other properties, general to the class of salts, have already 
been described in the section on cohesion; especially their 
solubility, and their crystallization. On this last subject, it 
is necessary to add the general law deduced by Berzelius, 
viz. that in all salts, the water of crystallization contains a, 
- quantity of oxygen either, equal to that ofthe base ; or a mul- 
tiplication of it by 1; 2, 3-4, &e. as far as 10; or a‘division 
by the same numbers. In sub-carbonate of soda, and mu- 
rlate of ammonia, the quantity of oxygen in the water is 
equal to the oxygen in the base; in muriate of barytes, and 
in sulphates of ammonia and lime, the oxygen of the water 
is double that of the base; in green ‘sulphate of iron, the 
oxygen of the water is seven times that of the oxide of iron; 
and, lastly, in carbonate and phosphate of: soda, it is ¢en 
times that of the base*. 

The decrepitaiion of salts when suddenly heated, or ex- 
pulsion of water from them with noise, is owing probably to 
the water being held not chemically but mechanically ; for it 
is observed only in salts, which contain too small a quantity 
of water, to allow its being considered as an essential ele- 
ment; such as sulphate of potaale and muriate of soda. 

The déliquescence of salts has been observed by Gay Lussac 
to bear a proportion to the temperature, at which saturated 
solutions of the respective salts boil. The more deliquescent 
the salt, the higher is the boiling point of its solution; and 
if not deligiescerit at all, the biitiee point of the solution is 
the same as that of water +. | 

_ Having premised these general observations respecting 
the acids and their Mv I shall proceed to the his- 
tory of the different acids, and of the compounds which they 
yield with the several alkaline and earthy bases. Under 
each head, I shall first enumerate the properties of the base 
of the acid; and its combinations with such other combustible 
bodies, as may already have been introduced to the reader’s 
‘Notice. Arai hei 
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* 80 An. de Chim. 187, note. ~ + 82 An. de Ch, 171. 
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CHAPTER XL 


CARBONIC ACID AND ITS BASE.—CARBONATES.--BINARY 
COMPOUNDS OF CARBON. | : 


THE bodies, which form the subject of this chapter, will 
be described in the following order. 

J. Carzon, and its various modifications. 

IJ. The compound of carbon and oxygen, in its highest 
stage of oxygenation, constituting CARBONIC ACID; and, 
connected with it, the class of salts called caRBONATES, 

III. The ox1pE oF CARBON, Or CARBONOUS OXIDE, 4 Com= 
pound containing less oxygen than exists in carbonic acid. 

IV. The various combinations of carbon and hydrogen, 
termed CARBURETTED HYDROGEN. 


SECTION I. 
Carlon and Charcoal. 


Ir had long been admitted as an established truth, chiefly 
on the evidence of the experiments of Guyton*, that the © 
diamond is the only form of pure carbon; and that charcoal 
is a compound of carbon and oxygen, or an oxide of carbon. 
The important experiments of Messrs. Allen and Pepys 
have suggested, however, that the diamond and charcoal, 
though so widely remote from each other in external cha- 
racters, are, as to their chemical nature, identically thesame; | 
and that the difference between them, in all probability, re- 
sults merely from the respective states of aggregation of their 
particles. | 

Some doubts, it must be confessed, were thrown o on this 
conclusion by an experiment of Sir H. Davy, in which an 


#* Annales de Chimie, xxxi, 
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inflammable gas was obtained, by igniting charcoal, in a 
Toricellian vacuum, by a powerful Voltaic attct ys But the 
hydrogen, thus evolved, may reasonably be ascribed to 
water, from which it is extremely difficult to free charcoal. 
The absence of oxygen from charcoal was proved, by heat- 
ing it with potassium, for no potash was produced ; but when 
| potassium was heated with diamond, there was am indistinct 
appearance of the production of that alkali. The recent 
experiments of the same philosopher * * ‘tend to establish, 
that charcoal invariably contains either hydrogen | or water ; 
for when it is burned in pure and dry oxygen gas, some 
moisture is always deposited. The quantity, however, is so 
small, that hydrogen cannot exist, in charcoal as an essential 
ingredient, or in any definitive proportion. The diamond 
appears to be absolutely free both from water and. hydrogen ; ; 
and it is in this respect only, and in the mechanical arrange- 
ment of its particles, that we have any evidence of its outer 
ing from charcoal. | | 

To obtain charcoal free from poet danas pieces af 
oak, willow, hazle, or other woods, deprived. of the bark, 
may-be buried in sand in a crucible, which is to be exposed, 
covered, to the strongest heat of a-wind-furnace. For pur- 
poses of accuracy, charcoal must be used when recently pre- 

pared, and before it has had time to become. cold; or if it 
cannot be had fresh made, it must be heated again to red- 
ness under sand in a crucible. 

A remarkably pure charcoal may be obtained, by passing 
the vapour of oil of turpentine, or of spirit of wine, through 
ared-hot tube. It then appears in the form of a black im- 
palpable powder. In the experiments of Sir H. Davy, this 
sort of charcoal, by combustion in oxygen gas, gave a much 
smaller product of moisture than any other. | 

From 100 parts of each of the following woods, Meda 
“Allen and Pepys obtained the annexed quantities of char- 

coal; viz. from fir, 18.17; lignum vite, 17.25 ; box, 20.253 ° 
beech, 15; oak, 17.40; mahogany, | 5.75% 


* Phil. Trans. 1814, p. 557. 
VOL. Ie i é bias Petes 
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Charebil has the following proper ties : . 
‘1. In its aggregated ‘state it is black, perfectly shal ‘and 
‘free from smell; insoluble in water, brittle, and ‘easily ‘pul- 
‘verized. In Slose vessels, and etitirely ‘secured from contact 
‘with air, it is unchanged by any degree of heat. A gas, how- 
‘ever, may be collected from it by distillation, ‘which ‘consists 
of hydrogen and carbon, ‘and perhaps a little oxygen. Ber- 
‘thollet has found, also, in ‘the aériform p oducts of its distil- 
‘Yation, a considerable proportion of nitr gen*. 
9.Charcoal has the singular ‘property of absorbing dies 
“without altération. Fill’s jar ‘with common air, or any other 
“gas, and place it over ‘dry mercury: take a piece of charcoal, 
red-hot froin the’fire, ‘and plunge ‘it in the ‘mercury’ of the 
‘bath: ‘when cold, let it be passed into the vessel of gas, with- 
‘out bringing it into contact with the atmosphere. “A consi- 
‘derable diminution of the gas’ will be speedily effected. — 
‘Count Morozzo has’ given the following table of the’ / quan- 
tities of different gases absorbed, in the foregoing ‘manner, 
‘by charcoal. ‘In ‘each experiment, ‘he employed ‘a piece of 
‘that substance 1 inch’ long and 2 ofan inch diameter. _ ‘The | 
“receiver containing pas was 12 tds! lone and ny inch. ‘dia- 
“meter. 


Gas absorbed. . dnches.'| Gas absorbed. Inches. 
Atmospheric). s:é- dees os 824] Nitrous) sist stared seh dose 6% 
Carbonicacid.,.......11 EA TaRaEtY bins wobenrage 
ATOMONIA, 64's 55,055 (o'454 9 Boe AARP ROT 5/5) peor niall tates 


“Muriatic atid.. .......11 | Sulphurous acid. wie Le 
‘Sulphuretted hydrow. te ie, 


This power in. charcoal ‘is protishly mn elnid and de- 
“pends only on the porous nature of vegetable and ‘animal 
charcoal ; for it does not, sin H. ey asserts, exist ring 
bago, coke, or stone-coal. 

8. From the experiments of Rouppe 4, it efi al | thatif 
‘charcoal, which has imbibed | oxygen gas, ‘be: er. into 
contact ye mihi gen gas, water is. Laude i : 


any 


* Mémoires d’Arcueil, ii. 484. + Annales a Chimie, XXxiL. 1. 
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4. Charcoal, by longexposure to the atmosphere, absorbs 

one Leiwenttetly ofits weight, three fourths of which are water *, 
_ The charéoal of different woods, Messrs. Allen and Pepys 
found to increase very differently in weight; that from fir 
gaining, by a week’s exposure, 13 per cent.; that from lig- 
num vite, in the same time, 9.6; from box, 14; beech, 16.3; 
‘oak, 16.5; mahogany,.18. The absorption goes on most 
rapidly during the first 24 hours; and by much the largest 
part of what is absorbed consists of water merely. 4 

5. Charcoal. resists the putrefaction of animal substances. 
A piece of flesh-meat, which has begun. tobe tainted, may 
have its sweetness restored by, rubbing it daily with pow+ 
dered charcoal; and may be preserved sweet for some time 
by burying it in powdered charcoal, which is to be renewed 
daily. Putrid water is also restored. by the application of 
the same substance; and water may be kept unchanged at 
sea, by charring theinner surface of the casks which are used 
to contain it}. It produces, also, a remarkable effect in de- 
stroying the taste, odour, and colour of many vegetable and 
animal substances. Common vinegar, by being boiled on jt, 
is rendered perfectly limpid. Rum and_ other varieties of 
ardent spirit, which are distinguished by peculiar colours 
and flavours, lose both by maceration with powdered. char= 
coal. The colour of litmus, indigo, and other pigments, 
dissolved or. suspended in water, is destroyed. Putrid animal 
fluids, also, are completely deprived of their odour. These 
effects are most readily produced by animal charcoal tf. . 

6. Charcoal is.a very slow conductor of calorie. The ex- 
periments, of Guyton haye determined, that caloric is con- 
veyed through.charcoal more. slowly than through sand, in 
the; proportion,of three to two. Hence powdered charcoal 
may be advantageously employed. to surround substances 
which are tobe kept cool in,a warm atmosphere; and alse 
éo-caniine the caloric.of heated bodies. | 

7. The weight of the atom of charcoal i is carpal by. My.’ 
Dalton to be 5.4, that of oxygen being 7. But if the weight 


: * Clement and Desormes. + Lovitz, Annales de Chimie, xiv. 
179 Ann. de Chiin. 80. | 
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- 
of the atom of oxygen be corrected to. 7.5, the atom of char- 
coal will then weigh 5.8. The evidence in, favour ofthis 
conclusion will be stated in the following section. |...) 


SECTION Ie ie oss iv ails 
Combustion of Carbon. | nie 


Ir a sinall piece of charcoal be exposed roaktiee! to’ he 
common atmospheric air, it exhibits scarcely any signs of © 
combustion, and soon becomes cold. But if a similar piece, 
heated to about 800° or 1000° Fahrenheit or nearly to red- 
ness, be introduced into a receiver filled with oxygen gas, it 
continues to burn with greatly increased ‘splendour, and 
with bright scintillations. Ifthe charcoal be pure, and its 
proportion rightly adjusted, it is entirely consumed. When 
the quantity burnt is considerable, ‘a manifest production of 
water takes place, and the inner surface of the glass vessel 
becomes covered with moisture, which disappears, however, 
on standing. ‘This portion of water owes its origin to the 
union of oxygen with the hydrogen which, it appears from 
Sur H. Davy’s experiments, and from the Kesults of its distil- 
lation, all charéoal contains. 

The diamond, also, which was formerly olsinieidebd as an 
incombustible substance, may be consumed by a sufficiently 
intense heat, even in atmospherical air. ‘The Florentine 
academicians, in the year 1694, appear first to have ascer- _ 
tained this fact, by exposing diamonds to the focus of a pow- 
erful burning lens. Their experiment has been repeated by 
subsequent chemists, with various modifications. It has 
been found by Sir George Mackenzie that diamonds burn, 
when exposed on a muffle, to the temperature of about 14° 
Wedgwood. In oxygen gas the diamond takes fire, when 
the focus of a powerful lens is thrown upon it ; and continues 
to burn, though removed out of the focus, with a steady bril- 
liant light, visible in the strongest sunshine *, ‘The portion 

* Davy’s Phil. Trans. 1814. 
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of diamond, which remains unconsumed, is not rendered 
black; as has been asserted, but is found to have lost its 
_ lustre, like glass acted on by fluoric acid. “When the vessel 
has become cold, no: production whatsoever of moisture is 
visible. By effecting its combustion in this way, Guyton 
thought he had ditonnthba that the diamond, in an equal 
weight, contains more real carbon than common charcoal. 
‘His experiments, however, have not been confirmed by 
those of subsequent chemists. One fact, however, has been 
contributed on this subject by Guyton, which is of consider- 
able value. The diamond, he first ascertained, is destroyed 
when thrown. into red-hot and melted nitre; and this pro- 
perty, it will afterwards appear, has been successfully applied 
by Mr. Tennant to the determination of the nature of the 
diamond, and of the proportion of ingredients in carbonic 
acid, | 
To collect the products of the combustion of carbon, re- 
quires rather a complicated apparatus. Lavoisier burnt 
charcoal in a known quantity of oxygen gas, which was con- 
fined by mercury, the charcoal being set on fire by a bent 
_ iron wire heated to redness*. Messrs. Allen and Pepys 
collected the products of the combustion of charcoal and of 
the diamond, by burning them separately in a platina tube, 
set horizontally in a charcoal furnace, and connected, at each 
extremity, with a mercurial gazometer. An idea of this 
arrangement will best be obtained by imagining that to each 
end of the tube ¢, fig. 40, the pipe of a gazometer, like that 
shown, fig. 35, is connected, At the outset. of the experi- 
ment, one of the gazometers was filled with .a known quan- 
tity of the purest oxygen gas, and the other was empty. The 
tube was then made red-hot; and. the gas, being forced . 
alternately from one gazometer to the other, was repeatedly 
brought into contact with the red-hot charcoal or diamond. 
The volume of the gas was found to be entirely unaltered ; 
but it had received an addition to its weight, pr ecisely equal 
to what the charcoal or diamond, on weighing, was ascer- 


* Elements of Chemistry, pl. iv. fig. 3. 
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tained to have lost; and it was partly. converted into a gas, 
totally different in its properties from oxygen gas, and called _ 
carbonic acid. It appears, therefore, that oxygen gas, by 
conversion into carbonic acid, undergoes neither expansion 
nor condensation. This conclusion is farther established: by 
the recent ‘experiments of Sir Hy, Der on the ‘coin 
of the empendd in. oxygen gas. 


- laladlgg mete PPL VES 


‘SECTION III, 
Carbonie Acid: 

- From the quantity of charcoal or diamond consumed in 
the experiments of Allen and Pepys, and the quantity of 
oxygen converted into carbonic acid, it is easy to infer the 
proportion of carbon and oxygen in the new compound. 
Reducing these to centesimal proportion, for every 28 or 29 
grains of the combustible base which disappeared, 100 grains 
of carbonic acid (= about 201 cubic inches) were Benerated ; 
and it is remarkable that these proportions agree exactly 
with those originally stated by Lavoisier. ‘The same quan- 
tity of carbonic acid resulted, also, from the combiistion of: 
between 28 and 29 grains of diamond. Hence it ‘may bé 
inferred, that the actual quantity of carbon in equal weights 
of diamond and charcoal is precisely the same; and that 
charcoal is not, as has hitherto been supposed, an-oxide of 
carbon. If this inference’ required’ confirmation, it is fur- 
nished by its agreement with Mr. Tennant’s experiments on 
the soinbustlin of the’ diamond, published in 1797. Two 
grains and a half of diamond, (this philosopher found), when 
consumed in a tube of gold by méans of nitre, gave nine 
grains of carbonic acid, which, in 100 parts should. contain, 
aoc. as nearly as Bbastote: 28 parts of diamond or car- 

‘The mean of a number of Messrs. Pepys and Allen’s 
cate iments give the following statement, of the composition 
at carbonic acid: : 

“Carbon .. £298.80 60. E00. 
Vir Rank bm gia slob pi sai 
Coe be eee 
100. 
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ae then result from the experiments, or Clement ond 
* Desormes *. 

They differ, however, a little, from those of ante jun, | 
who states the carbon in 100. grains of carbonic acid at be- 
tween 27.04 and 27.38 grains. ‘The results of Gay Lussac, 
which are conformable with the views of Berzelius, and, as 
nearly as possible, with those of Dr. Wollaston, ares 


Carbon eens 01 DP8TG os os eo 100. eeeeooaee 37.55 
Oxygen... oeees TDGODESE woo  ofBBRI SS O21 00. 
LOO diets 365.12 137.55 


Mr.Dalton assumes the composition of carbonic acid to be, 
in round numbers, 28 of charcoal and 72 of oxygen ; from 
whence he deduces the weight of the atom of charcoal to be 
5.4. But if the atom of oxygen weigh 7.5, and if the pro- 
portions,of Gay Lussac be correct, the atom of charcoal will 
weigh 5.65, and that of carbonic acid (considering it as a 
ternary compound of two atoms of oxygen and one of char- 
coal) will be 20.65, 

In addition to the proofs of the constitution of carbonic 
acid, derived from its synthesis, we have also the evidence 
of i its analysis, which may be effected by several processes. | 

1, By passing a succession of electrical discharges through 
a quantity of carbonic acid gas confined over mercury, I 
have found that the gas is separated into oxygen, and a gas 
called carbonous oxide, which consists of oxygen united with 
a larger proportion — of carbon, than exists in carbonic acid. 
When the carbonic acid, which escapes decomposition, is 
washed out by solution of potash, an electric spark inflames 
the residuary mixture ; : the oxygen and carbonous oxide 
again uniting, and re-composing carbonic acid t. 

2. When a mixture of carbonic acid and hydr ogen gases 
is electrified, the hydrogen combines with part of the oxygen 
in the acid, and reduces it to the state of carbonous oxide, 


* Annales de Chimie, xxxix. 42. : 
+ Philosophical Transactions, 1809, page 448. 
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3. When potassium is heated in carbonic acid gas, Sir H, 
Davy has found that it inflames; part of it is oxidated at the 
expence of the acid; and part off it unites with the charcoal, 

_ which is precipitated. 

_ 4, By simply heating phosphorus in carbonic acid gas, no 
step is made towards the decomposition of the latter. Bt 
by applying phosphorus to some of the combinations of car-: 
bonic acid, the phosphorus is oxygenated, and carbon ap- 
pears in a separate form. The original discovery of this 
fact is due to Mr. Tennant . and the details of the experi- 
ment have been ably lise up by Dr. Pearson +. 

To exhibit this fact, provide a tube of very thin glass about 
one third of an inch wide, and 18 or 20 inches long, sealed 

at oneend. Coat.it, within about an inch of the sealed ex- 
tremity, with a lute of sand and clay; : and when this is dry, 
put into it as much purified phosphorus, in small pieces, as 
will fill the uncoated part. Then cover the phosphorus with 
carbonate of lime, or carbonate of soda which has heen de- 
prived of its water of cr ystallization. Let the part of the tube, 
which contains the carbonate, be made red-hot by) means ofa 
portable furnace; and, at. this moment, apply heat to the 
-part containing | the phosphorus, sufficient to melt and raise 
it into vapour. The vapour of the phosphorus, coming into 
contact with the red-hot carbonate, will decompose the car 
bonic acid ; ‘and charcoal will be found in the residue of the 
process, in the form of a very light and black powder. 

_ To procure car bonic acid, sufficiently pure for the exhibi- 
tion of its properties, 1 the combustion of charcoal is far from 
being the best process. The student may, therefore, have 
recourse to another, the rationale of which he will not, at 
present, under stand ; but which will be explained ; afterwards. 
Into a common gas bottle, put a little powdered marble or 
chalk, and pour on this sulphuric acid, diluted with five or 
. six times its weight of water, A gas willbe produced, which 
those, who Wie an opportunity, ‘may receive Over mercury ; 
but a mercurial < Peers Je is not absolutely esechtal, ‘since 


* # Philosophical Traysactions; 1791; page 192, ‘t Thid, 1792, page-289, 
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the gas may be collected over water, if used immediately 
when procured. Carbonic acid may, also, be separated by 
heat alone, from carbonate of lime. For this purpose, 
coarsely powdered chalk or marble may be put into the iron 
vessel a, fig. 85, which may be connected, by means of the 
conducting pipe J, with a gazometer. ‘The receiving cylin- 
der of the latter, after a sufficiently long continuance of heat 
to the bottle a, will be filled with carbonic acid gas. Its pro- 
perties are the following: ° 


Properties of Carbonic Acid. 

(a) It extinguishes flame.—Set a vessel, filled with the gas, 
with its mouth upwards, and let down a lighted candle. The 
candle will instantly be extinguished. 

A person, says Dr. Prisitley: who is quite a stranger to the 
properties of this kind of gas, will be agreeably amused with 
extinguishing lighted candles, or blazing chips of wood, on 
its surface. For the smoke readily unites with this kind of 
_ air; so that little or none of it escapes into the atmosphere. 
It is remarkable, that the upper surface of this smoke, float- 
ing in the fixed air, is smooth and well defined; whereas 
the lower surface is exceedingly ragged, several parts hang- 
ing down to a considerable distance within the body of the 
carbonic acid, and sometimes in the form of balls, connected 
to the upper stratum by slender threads, as if they were sus- 
pended. The smoke is also apt to form itself into broad 
flakes, exactly like clouds. Making an agitation in this air, 
the surface of it (which still continues cena defined) is 
thrown into the form of waves; and if, by this‘agitation, any 
of the carbonic acid be thrown over the sides of the vessel, 
_ the smoke, which is mixed with it, will fall to the ground, as 
if it were so much water. 

(b) It is fatal to animals.—Put a mouse, or other small 
iid, into a vessel of the gas, and cover the vessel, to pre- 
vent the contact of common air. The animal will die in the 
course of a minute or two. 

By. means of this gas, butterflies, and. other insects, the 
colours of which it is desirable to. preserve, for the purpose 
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of cabinet specimens, may be suffocated better than by the 
common mode of killing them with the fumes, of sulphur. __ 

(c) This gas is heavier than common air.—According to 
Sir H. Davy, 100 cubic inches, at 55° Fahrenheit, and 30 
inches of the barometer, weigh 47. 5 grains; and at 60°, with 
the same pressure, would weigh 47.11. Messrs. Allen and 
Pepys have lately determined that 100 cubic inches, at 60° 
Fahrenheit, and 30 inches barometer, weigh 47.26 grains. 
Its specific gravity, according to Biot and Arajo, is 1.5196; 
and hence, if 100 cubic inches of atmospheric air weigh 30.5 
grains, the same bulk of carbonie acid gas should weigh 
4.6.34 grains. , It will be a sufficiently near approximation 
to state the weight of 100 cubical, inches to be, 47 grains, at 
2 mean of the barometer and thermometer. 

To show the superior specific gravity of this gas in a ge- 
neral way, the following experiment will be sufficient. Let 
a long glass tube, proceeding from a gas. bottle, containing 
powdered marble and dilute sulphuric acid, be twice bent at 
right angles; let the open end of the longer leg reach the — 
bottem - a glass jar, perfectly dry within, and standing : 
with its mouth uppermost, The carbonic acid will expel 
the common air from the jar, because it is heavier.—This 
superior gravity may be farther shown as follows: When 
the jar Is perfectly filled with the gas (which may be known 
by a lighted candle being instantly extinguished when let 
down into it), take another jar, of rather smaller size, and 
place at the bottom of it a lighted taper, supported by a 
stand : then pour the contents of the first-mentioned jar into 
the second, as if you were pouring in water. The candle 
will be instantly extinguished, as effectually as if it had hes 
immersed in water. 

It is owing to its superior gravity, that carbonic acid gas 
is often found at the bottom of deep wells and of mines, 
the upper part of which is entirely free from it. Hence 
the precaution, used by the sinkers of wells, of letting 
down a candle before they venture to descend in person. 

(2) Carbonie acid gas is absorbed by water.—Fill partly 
a jar with this gas, and let it stand a few hours over water. - 

3 : 
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An absorption will gradually go on, till at last none will 
remain. This absorption is infinitely quicker when agita- 
tion is used. Repeat the above experiment, with this dif- 
ference, that the jar must be shaken strongly. A very rapid 

diminution will now takeplace. In this manner water may 
be charged with rather more than its own bulk of carbonic 
acid. gas; and it acquires, when thus saturated, a very 
brisk and pleasant taste. This impregnation is most com- 
modiously effected by an apparatus, sold in the glass shops, 
under the name of Nooth’s machine. 

The influence of pressure, in occasioning water to absorb 
a larger quantity of carbonic acid, may be illustrated by an 
apparatus, which T have described in the Philosophical 
‘Transactions for 1803, but which cannot. be understood 
without the engraving that accompanies it. From a long 
series of experiments with this apparatus, I have deduced, 
as a general law, that water takes up the same volume of 
compressed carbonic acid gas, as of gas under ordinary 
pressure. And since the space. occupied by any gas, is in- 
versely as the compressing force, it follows that the quan- 
tity of gas, forced into water, is directly as the pressure. 
Thus, if water under common circumstances, takes up an 
equal bulk of carbonic acid, under the pressure of two at- 
mospheres, it will absorb twice its bulk; under three at- 
mospheres. three times its bulk, and.so on. | 

(e) From water, thus impregnated, carbonic acid is again 
set at liberty, on boiling the water, or by exposing it under 
the receiver of an air-pump.—During exhaustion, the gas 
will escape so rapidly, as to present the appearance of ebul- 
lition; and will be much more remarkable than the dis- 
charge of air from a jar full of common spring water, con- 
fined, at the same time, under the receiver, as a standard 
of comparison, 

(f) Carbonic acid 2s par from water ly freexing.—If 
the impregnated water be rapidly congealed, by surround~ 
ing it with a mixture of snow and salt.) the frozen water has 
more the appearance of snow than of ice, its bulk being 
prodigiously increased by the immense number of air 
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‘bubbles. When water, thus congealed, is liquefied again, it. 
is found, by its taste, and other properties, to have lost 
nearly the whole of its carbonic acid. wribity 

(2) Carbonic acid gas, when combined with water, reddens 
vegetable bine colours. —This may be shown by dipping into 
water, thus impregnated, a bit of litmus paper, or by mix- 
ing, with a portion of ‘it, about an equal bulk of the infu- 
sion of litmus. This fact establishes the title of the gas to 
be ranked among acids. When an infusion of eae! 
which has been thus reddened, is either heated, or exposed 
to the air, its blue colour is restored, in consequence of the 
escape of the carbonic acid. ‘This is a marked ground of 
distinction from most other acids, the effect of which is 
permanent, even after boiling. 

(h) Carbonic acid gas precipitates lime water.—This cha- 
racter of the gas is necessary to be known, because it affords 
a ready test of the presence of carbonic acid whenever it is 
suspected, Pass the gas, as it proceeds from the materials, 
through a portion of lime water. ‘This, though perfectly 
transparent before, will instantly grow milky:—Or, mix 
equal measures of water saturated with carbonic acid and 
lime water. ‘The same precipitation will ensue. By means 
of lime water, the whole of any quantity of carbonic acid, 
existing in a mixture of gases, cannot, however, be re- 
nee as Saussure jun. has shown; but recourse must be 
had, in order to effect its entire absorption, to a solution = 
caustic potash or soda. 

(2) By the application of the test (h), it will be found, that 
sarbonic acid is generated in several cases of combustion.—l. 
Let the chimney of a small portable furnace, in ‘which 
charcoal is burning, terminate, at a distance sufficiently 
remote to allow of its being kept cool, in the bottom of a 
‘barrel provided with a moveable top, or of a large glass 
vessel having two openings. A small jar of lime water 
being let’ listen into the tub or vessel, and agitated, “the lime 
water will immediately become milky. The | gas Will also 
‘extinguish burning bodies, and | prove fatal to animals’ that 
are sonfindd in it. Hence the danger of exposure: to the 
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fumes of charcoal, which, in several instances, have been 
known to be fatal. These: fumes consist of a mixture of 
carbonic acid and nitrogen gases with a very smal! propor- 
tion of oxygen gas. 2. Fill the pneumato-chemical trough 
with lime water, and burn a candle, in a jar filled with at- 
mospheric air, over the lime water till the flame is extin- 
guished. On agitating the jar, the lime water will become 
_ milky. The same appearances will take place, more spee- 
dily and remarkably, if oxygen gas be substituted for com- 
mon air. The carbonic acid, thus formed during com- 
bustion, by its admixture with the residuary air, renders 
it more unfit for supporting flame, than it otherwise would 
be from the mere loss of oxygen. Hence, if a candle be 
burnt in oxygen gas, it is extinguished long before the 
oxygen is totally absorbed, because the admixture of car- 
bonic acid with oxygen gas, in considerable proportion, 
unfits it for supporting combustion. Whenever any sub- 
stance, by combustion in oxygen gas or common air over 
lime water, gives a precipitate, soluble with effer vescence 
in muriatic acid, we may confidently infer that it contains 
earbon. | | 

(k) The respiration of animals is another source of carbonic 
ecid.—On confining an animal, in a given portion of at- 
mospheric air, over ae water, this production of carbonic 
acid is evinced by a precipitation. ‘The same effect is also 
produced more remarkably in oxygen gas. ‘The production 
of carbonic acid, by respiration, may be proved, also, by 
blowing the air from the lungs, with the aid of a quill, 
through lime water, which will immediately grow milky, 
The carbonic acid, thus added to the air, unfits it for sup- 
porting life, not merely by diminishing the proportion of 
oxygen gas, but apparently by exer ting a positiy ely noxious 
effect. Hence a given quantity of air will support an animal 
much longer, hon the carbonic acid is removed as fast as 
it is formed, than. when suffered to remain in a state of 
mixture. It has been found, that an atmosphere, consist- 
ing of oxygen gas and carbonic acid, is fatal to animals, 
though it should. contain a larger proportion of oxygen 
than the air we commonly breathe. 
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(2) Carbonic acid retards the putrefaction of animal sub- 
stancesThis may be proved, by suspending two equal 
pieces of flesh meat, the one in common air, the other in 
carbonic acid gas, or in a small vessel through which a stream 
of carbonic acid is constantly passing. The latter will be 
préserved untainted some time after the other has i Sea to 
putrety. | 

(m) Carbonic acid gas exeris powerful effects on ‘living 
vegetalles.—These effects, however, vary according to the 
mode of its application. 

Water, saturated with this gas, proves highly nutritive, 
when applied to the roots of plants. ‘The carbonic acid is 
decomposed, its carbon forming a component part of the 
vegetable, and its oxygen being liberated in a gaseous form. 

On the contrary, carbonic acid, applied as an ‘atmo- 
sphere, by confining a living vegetable in the undiluted 
gas over water, is injurious to the health of the plant, espe- 
cially in the shade. M. Saussure, jun. found, that’a pro- 
portion of carbonic acid in common air, greater than one 
eighth, is always injurious to vegetation; but that in this 
proportion it promotes the growth of plants, and is | mani- 
festly decomposed. 


Carbonic acid is susceptible of combination with alkalis, 
earths, and metals, and forms an order of ‘compounds, 
termed carbonates. At present, however, we shall only at- 
tend to the results of its union with alkalis, and earths, In 
the compounds of carbonic acid with these bases, and espe- 
cially with the alkalis, the qualities of the base still predo- 
mminate. ‘The alkaline carbonates, for example, retain the 
taste, though in a less degree, which characterizes their 

bases; and change blue vegetable colours to green. Am- 
monia, also, ‘preserves in a great measure its odour and 
volatility. By combination with the earths, however, car- 
bonic acid produces a more perfect neutralization of their 
| properties. 
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SECTION LV.) 


~Carbonates. 


ART. 1 se sbi and Carbonate of Potash, 


(a) Carbonic acid gas is very abundantly absorbed Uy a so- 
‘tution of pure potash .—The simplest mode of showing this 
fact is ‘the following: Fill a common phial with carbonic 
acid gas over water; and, when full, stop it by applying 
the thumb. ‘Then invert the bottle in‘a solution of pure 
potash, contained in a cup, and rather exceeding in quan- 
tity what is sufficient ‘to fill the bottle. The solution will 
‘yise into the bottle, and, if the. was be pure, ‘will fill it en- 
‘tirely. Pour out the alkaline Hiquor, fill ‘the bottle with 
‘water, and again displace it by the gas. Proceed us before, 

and repeat the process several times. It will befound, that 
the solution will condénse many times its bulk of the gas; 
“whereas water combines only with its own volume. 

This experiment may be ‘made, in a much more striking 

manner, Over mercury, by passing into a jar, about three 
‘fourths filled with ‘this gas, a comparatively small bulk of a 
solution of pure potash, which will condense the whole of 
the gas. If dry potash be substituted in this experiment, 
no change’ will ensue; which proves, that FO is essen- 
‘tial to' the action of alkalis on this gas. , 

One hundred grains of potash unite with 42.42 carbonic 
acid'to form the sub-carbonate, which, therefore, contains 
per cent according to Berard, | 


Potash. eave ceear 70.21 
; “Acid ‘se she eoee 29.79 


100. 


“The composition ‘ this salt is aifferently stated by other 
“writers, Viz. 
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Acid. Base. 


According to Dalton 100 grains consist of 31.10 ..'68.9 © 
Dulong:s'. satis 170% . 30.7024 69.30 


Dr. Wollaston . “ylesiso. 81.7] 5 BRD 


The proportions of 70 to 30 agree very nearly with the 
‘notion, that the sub-carbonate of potash is constituted of an 
atom of carbonic acid, weighing 20.8, and an atom of potash 
weighing 50; and that the weight of its atom.is 70.8. The 
affinity of carbonic acid for potash, though apparently 
feeble, is in reality very strong; since it has the power of 
expelling, from potash, the whole of the water, which that 
alkali contains in the state of a hydrate. ade 

(L) The changes effected in the alkali may next be ex= 
amined.—It will be found, after having absorbed as much 


carbonic acid as it is capable of condensing, to have lost: * — 


much. of its corrosive and penetrating taste, and will no 
longer destroy the texture of woollen cloth; but it still 
turns to green the blue infusion of vegetables. Before its 
absorption of this gas, no vemerkabie® change ensued on 
‘mixing it with diluted sulphuric acid; but if this, or almost 
any other acid, be now added, a violent effervescence will 
ensue, arising from the escape of the gas that had been pre- 
viously a seadebesl. If the mixture be nade in a gas bottle, 
the gas, that is evolved, may be collected, and will be found | 
to exhibit every character of carbonic acid. 

For experimental purposes, sub-carbonate of potash may 
be obtained from crystals of tartar (super-tartrate of potash) 
calcined in a crucible; then lixiviated with water ; and eva- 
porated to dryness. By this treatment, the salt yields 
about one third its weight of sub-carbonate. Or it may be 
mixed with about an eighth of purified nitrate of potash, 
and wrapped up in paper in the form of cones, which may 
be placed on an iron dish, and set on fire. The residuary 
mass is to be lixiviated, and evaporated as before directed. 
Or purified nitrate of potash may be mixed with a fourth 
of its weight of powdered charcoal, and projected into a 
red-hot cre, the contents of which are to be poured, 

re 
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when in fusion, into.an iron dish. The’ sub-carbonate, 
thus obtained; amounts to rather less than one half the nitre 
‘which has been employed. Even when thus prepared; it is: 
apt to contain some impurities, consisting chiefly of a mi- 
nute proportion of sulphate and muriate ot potash, with a 
little silex, from which it is extremely difficult entirely to 
free it... ‘That which is procured from burnt tartar may be 
made to crystallize, in. 2 BE state It mere 20.60. poe 
cent. of water: 

(c) In this state fh subesituration “vidi cake acitl 
potash generally occurs in the arts. The potash and pearl- 
ash of commerce, are’ sub-carbonates of potash, of different 
degrees of purity. The quantity of carbonic acid, con- 
tained in these alkalis, may be learned by a very simple ex- 
periment. Put one or two hundred. grains of the alkali 
into a Florence flask, and add a few ounce measures of 
water.. Take also a phial filled with dilute sulphuric, acid, 
and place this, as well as the flask, in one scale. Balance 
the two, by putting weights into the opposite scale, and, 
when the equilibrium is attained, pour gradually the acid 
into the flask of alkali, till an effervescence no longer en- 
sues. When this has ceased, the scale containing the 
weights will be found to preponderate. This shows that 
the alkali, by combination with an acid, loses considerably 
of its weight; and the exact amount of the loss may be .as- 
-certained, by adding weights to the scale containing the 
” flask and. phial, till the balance is restored, 

(d) As it is sometimes of importance to know what pro- 
ed of real alkali a given weight of potash or pearlash 
contains, it may be proper to point out how this informa- 
tion may be acquired. I shall, therefore, in Part III. 
Chap. III. of this work, describe at length the apparatus © 
and process employed for the purpose by M. Descroizilles. 
Another less accurate mode of determining the strength is 
founded. on the following property of carbonate of potash. , 

(e) Sub-carbonate of potash dissolves very readily in iA 
Ph bt at the ordinary temperature, takes up more than its 

VOL, I, U 
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own weight.—LHence, when an alkali, which should:consist 
almost entirely of sub-carbonate: of potash,: is adulterated, 
as very often happens, with substances ‘of little solubility, 
the fraud: may be detected) by:trying how much »of!one 
ounce will dissolve in two or three ounce-measures of. water; 
In this way I have detected an:adulteration of one third its 
weight of sulphate of potash. ‘There are certain substances 
of ready solubility, however, which may be used in adul- 
‘terating pearl-ashes, as common salt for example; and, 
when this is ‘done, we must have recourse to the acid test 
for the means of discovery. 

The strongest solution of this sale ‘has can man cBitaina 
_ has the specific gravity 1.54, and contains 48.8 per cent. sby 
weight, or eight atoms of water to one of salt. Le 

(f) Sub-carbonate of potash, when exposed to the at- 
mosphere, attracts so much moisture, as to pass rapidly to 
a liquid state. This change is termed deliquescence. All'the 
water thus.absorbed is ppieled again. by a heat of 280°. 

(g) When submnitted, in a crucible, to a high temper- 
ature, it fuses; but none of its carbonic acid is expelled. 


Bi edbohiiee of Potash. : 


Carbonate of potash, in the state which has been a 
ready described, is far from being completely saturated with 
acid. This sufficiently appears eum its strongly alkaline 
taste. It may be mucli more highly charged with carbonic 
acid, by exposing a solution of one part of the sub-car- 
. bonate in three of water to streams of carbonic acid.gas, in 
a Nooth’s machine, or other apparatus; or by the process to 
be described in art. 3, g. When a solution of. alkali, after 
_ this treatment, is very slowly evaporated, it forms regular 
erystals. According to Dr. Wollaston *, the quantity of 
acid in the bi-carbonate is exactly double that in the sub- 
‘carbonate. This he proves by disengaging the carbonic 

acid, from each, by a stronger acid, such as the sulphuric. 


~ * Philosophical Transactions, 1808, 
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One part/of the bi-carbonate, thus treated, is found to give 
twice as much carbonic acid as the sub-salt. Berthollet * 
obtained 189 grains of carbonic acid from 500 of this salt; 
and as: nearly as possible, the same quantity from 1000 
grains of the salt, reduced by calcination to sub-carbonate. 
Berard, found, that 100 parts of potash are fully saturated 
by»85.86 carbonic acid+. The following Table exhibits 
the composition of the bi-carbonate, as stated by him, and - 
by Dr. Wollaston. One hundred grains contain, | 


Acid. — Base. Water. 

_Aceording to Berard......,..,42.01 | 48.92 | 9.07 

Pe #9 Wollaston 06 +43.9 | 47.1 Bi 
_ The atomic constitution, deducible from these propot- 
tions, is one atom of potash, two atoms of carbonic acid, 
and one atom of water. 

The Bi-caRBoNaTE or PorasH differs from the sub-car- 
bonate in the following particulars. 

}. Inthe greater aalineas of its taste. ‘Though still alka- 
line, yet it may be applied to the tongue, or Bek tive the 
stomach, without exciting any of that burning sensation, 
which is occasioned by | the sub-carbonate. 

2. It is unchanged by exposure to the atmosphere. 

3. It assumes the shape of regular crystals. ‘The form 
of these crystals is a fout-sided prism, with dihedral trian- 
gular summits, the facets of which correspond with the 
| aang angles of the prism. 

4. It requires, ‘for solution, four times its weight of water 
at 60°; and, while dissolving, absorbs Batic Boiling 
water dissolyes five-sixths of its weight; but, during this 
solution, the salt is par tly decomposed, as is “manifested by 
the escape of carbonic acid gas. The quantity thus sepa- 
rated amounts, according to Berthollet, to about 4';th the 
} weight of the salt. : 

_5. By calcination in a. low red-heat, the portion of car-~ 


* Mém. d’Arcuell, i 470. 74 Ann. de Chim. 49. 
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bonic a¢id,: which imparts to this salt:its characteristic pro- 
perties, is expelled, ait the —_ returns to the state ee a — 
carbonate. i 

A(R) Bicélirbenheter of piel in all its forms, is iecnchpal 
by the stronger acids; as the sulphuric, nitric, and muriatic, 
which unite with the alkali, and set the pas at liberty. 

This may be shown by pouring, on the carbonate con- 
tained in a gas bottle, any of the we and rp ine: the 
gas by a oe Mpparatee: | | 


iC Ant. Bik. Coshonate of Soda. 


There are two distinct compounds of carbonic acid and 
soda, the one containing precisely half as much carbonic 
acid as the other. .., 

The first, or sub-car lonate, is SEinned by carefully re- 
crystallizing the soda of commerce. The primitive crystal 
of this salt is an octohedron, with a rhombic base of 60° 
and 120°, the planes of which meet, at the summit, at 104°, 
and, at the base, at 76°. This crystal varies by becoming 
cuneiform, and also by the replacement of the solid diible | 
of the summits by planes parallel to the base, affording tik 
decahedral variety, which is most common. These crystals 
have the following properties. 

1. When heated to 150° Fahrenheit, they fuse; boil 

violently, if the heat be raised; and leave a dry white pow- 
der. What escapes is water only; and it forms, according 
to Berard, 62.69 per cent. of the weight of the salt; to 
Kirwan, 64; Dalton, 63; and D’Arcet, 63.6. The crys- 
tals, also, lose their water by es to the atmosphere, 
or effloresce. 
_ 9, Tf the fused salt be kept boiling in a retort, Mr. Dalton 
finds that it deposits a hard, small-grained salt, which con- 
tains only 46 per cent. of water; the clear liquid has. the 
specific gravity of 1.35; and, on cooling, concretes into a 
fragile icey mass. ‘The first compoynd, Mr. Dalton esti- 
mates ‘to ‘consist of 1 atom of carbonate and 10 of water; 
fhe second of 1’atom of salt and 5 of. watety: and the third 
of 1-atom of salt.and 15 of water,, 
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» 8. Water at 60° takes. up half its weight of thé sub- 
carbonate; and boiling water dissolves rather more than™ 
its own weight. The strongest solution, that can be pre- 
served at the temperature of the atmosphere, has the spe- 
cific gravity 1.26; but even this is liable, to partial rasta 
lization. — 

~ 4. Tf 100 grains of the salt be slowly sida toa enaivtttly 
of diluted ‘sulphuric acid, more than sufficient for satura- 
tion, and of known weight, the loss of weight will show the 
quantity of carbonic acid contained in 100 grains. From. 
experiments of this kind, joined with others on its loss by 
fusion, Berard deduces its composition to be ) 


Acid esee 13.98 ofa 100 eee 60 
Base .... 23.33 .... 166 .... 100 
‘Water .. 62.69 | 


| 100. 


‘Independently of the water of crystallization, its compo- 
sition has been differently stated, viz. 100 grains contain. 


2. * Acid, Base. 
“According to Berard ...... 37.50 .. 62.60 ~ 
Dulong ...... 40.09 .. 59.91 
Dalton «...-. 40.40 .. 59.60 5 
Serr Te Klaproth ° 1. 5° es Sl Fe 
——_—— Kirwan...... 40.10 «2 BODO ' 


Its atomic constitution is supposed by Mr. Dalton to be 
one atom of soda with one atom of carbonic acid. 

When a solution of the sub-carbonate of soda is satu- 
rated, by passing through it a stream of carbonic acid gas, 
or when a solution of 100 parts of the salt are heated 
with one of 14 parts of sub-carbonate of ammonia, we ob- 
‘tain by evaporation an indistinctly crystallized salt, which 
as the i-carlonate of soda. The taste of this salt is much 
‘milder than that of the sub-carbonate; and it requires ‘a 
‘much larger quantity of water for solution. To bring soda 
‘to this state of saturation, 100 parts of the alkali require 

5 
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125,33 of. dab boute acid. The ieee oete is, thetefore, 
ate in 100 parts, idtitins 
Acid. . Base: Water. i. rs 
- According to. Pesara, of 49. 95 56229085 a0 20.20 
OSE... os ab a eae cil 


Avid as the acid in this salt is, as nearly as possible, 
double that of the sub-edrbonate, it must be constituted of 
two atoms of adid and one atom of soda... By expostife to 
a ved heat, the whole of its water; and half its carbonic acid, 
are. expellothamitit i is converted 1 TA the dry sulievartioneey 


hus 3.—Sub-carbonate ¢ and Carbonate of Ammonia, a 


Atimonials in its pure state, exists in the form of a was, 
permanent over mercury only: and carbonié acid has, also, 
the form ofan aérial fluid. ° ‘But, when these two- gases are 
mixed ‘together over mercury in proper proportions (viz. 
one measure of carbonic acid to two or three of alkaline gas), 
they both quit the state of gas, and are ‘entirely condensed 
into a white ‘solid body. ‘The’ compound thus formed, it 
appears from the recent experiinents of Gay Lussac, is’ the 
sul-carbonate of ammonia; for the two gases, he finds, can- 
not by simple mixture, be made to unite in the proportions 
necessary to neutralize each other. To effect this, it is 
necessaty t6 expose a solution of sub-carbonate of ammonia 
in water to carbonie acid gas, in which ‘case the’ affinity 
of the water ‘concurs in overcoming the elasticity of the 
acid gas, ts 

Those persons who are not possessed of a mercurial tr otigh 
may compose the sub-carbonate of ammonia in the follow- 
ing manner :—Provide a globular receiver, having two open 


necks opposite each other. Into one of these introduce the - 


neck of a retort, containing carbonate of lime and dilute 
sulphuric. acid, yea which a constant stream of carbonic 
acid will issue, . The inher surface of the globe will remain 


“perfectly unclouded. Into the opposite opening, let the 


mouth of a retort be introduced, containing the materials 


for ammoniacal. gas. (Chap. vii. sect.*2.) The i immer sur<— 
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face of the globe! will now be covered with a dense crust of 
carbonate of ammonia. 

The sub-carbonate of ammonia may ‘dsb farmed; by 
passing, into a jar three fourths filled with carbonic: acid 
over mercury, a solution of pure ammonia, which will in- 
stantly effect an absorption of the gas.. The ordinary mode of 
producing it for useful purposes will be described hereafter. 
.» (@) Sub-carbonate of ammonia: retains,:in:a considerable 
degree, the pungent smell of the pure volatile alkali. It is, 
also, unlike the other sub-carbonates, volatilized by # very 
moderate heat, and evaporates without entering previously 
into'a liquid state. ‘Fhe vapour that: arisesomay be: again 
condensed. in a solid:state ;. affording an example of sublima- 
tion. This may be shown, by applying heat to’ thesub- 
carbonate of ammonia in: a:retort, to which a receiver is 
adapted. | The sub-carbonate will rises. ai be corittenseth 
in the receiver. in/ the form of a. white crust. 

(e): ‘This.sub-carbonate ; does not contract: Rosie ftom 
the air, but, onthe contrary, loses weight...» | 

_(d) Sub-carbonate of ammonia, like those of “dita ju 
soda, conyerts vegetable blue colours naipasage as the aa 
alkalis.do. 

(e), ,It.requires’ for salidion rather more pi twice its 
| ise of, cold water, oran equal weight of boiling water. 
At the latter temperature, however, it is partly: en 
anda violent effervescence ensues. 

o (Ff) In composition it varies cae. sochadibg to 
the temperaturé in which it has been formed. . Thus, sub- 
carbonate of ammonia, which: has. been produced. i in a tem= 
perature of 300° Fahrenheit, contains 50 per cent. of alkali: 
while carbonate formed at 60° contains only 20 per cent. 
By Gay Lussac*, the sub-carbonate of ammonia is x to 
consist of y . 


Ammonia ....43.98 .... 100 .... 78.57 
Carbonic acid 56.02 ....127.5.. 100. 


Se a wee A 
ge i ‘ 


“"'T00. |. 207.5 "178.87. 


* Mémoires d’Arcueil, 11. 214, 
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‘iv (@) It is decomposed by pure potash and pure soda;* and 
by the sub-carbonates of those alkalis, which ‘attract’itsicar-. 
heni¢e acid, and expel the-alkali.. Hence it. has'‘been 're- 
_ éommended, by. Berthollet, to.employ this salt’ for the full 
saturation of potash with carboniciacid;: awhioht — write : 
complished: by the following process.) | i 

» To. a filtered. slutibwlot four pounds‘of péatloshi in fou 
eichrts ‘of uwater,add one. pound:of: carbonate of -ammonia, 
reduced ‘to! 'powder y. and stir thé mixture at intervals, till 
the carbonate. of ammonia. is. entirely dissolved. Filter the 
liquor, and :put:it:into a retort, which may be set in 'a‘sand= — 
bath,:and be:connected with a receiver, A very gentle heat 
is to be applied; ‘so.as to distil off about half a pint of the - 
liquor, which will consist of .a solution of carbonate of am- — 
‘monia in water. ’The liquor-in the retort may either be 
allowed ‘to cool im it, or be transferred into a flat evaporating 
dish of Wedgwood’s ware.” When. colds’ crystals ‘of the 
carbonate of’ potash. will. probably be formed ; otherwise 
another portion must be distilled ‘off; and ‘this must be re- 
peated till the crystals appear separate the first crystals 
that are formed ;.and, on repeating the distillation. and 
cooling, fresh sets will appear in succession, A: consider- 
able portion of the solution, however, will refuse to erystal- 
lize. This may be boiled to dryness, and applied to the pur+ 
poses of sub-carbonate of potash. The crystals of carbonate 
of potash may be washed with a small quantity of cold water 
and dried on blotting paper; or, if they are required of 
great purity, they may be dissolved in cold water, and re- 
erystallized, using the peubieeh heat Baars in a ae | 
Ragenntinn: LNG SRAM, «3 | iisiyit 


‘The NEUTRAL CARBONATE or BISCARBONATE. OF AMMONIA | 
was formed by Berthollet, by impregnating a solution, of a 
sub-carbonate with carbonic acid g gas, _ According to his 
| experimentiig it is forpere? Ce ee ee ae 


Ammonia,......28.19. > eel DOR 98D. 
Carbonig acid. . 71.81. ope. 100. — 


_ I ee Sas ere oe j 
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.From the known specific gravity of those two bodies, 
Gay Lussac has calculated that the neutral carbonate con- 
sists of exactly equal: quantities by measure of the two gases, 
while the sub-carbonate is composed of two volumes of 
alkaline gas to one of carbonic acid gas. 


Art. 4,—Car bonate of Barijes res 


I. Pare barytes has a shins powerful sem for maybens 
sills , 
Let a solution of pure: barytes be ep 058 to the at- 
mosphere. It will soon be covered with a thin white’pel-— 
licle ; which, when broken, will fall to the bottom of the 
vessel, and be succeeded by another. © This “may be con= 
tinued, till the whole of the barytesis separated. ~The effect ~ 
arises from the absorption of carbonic acid, which is always — 
diffused. through the: atmosphere, and’ which forms with 
barytes a substance, viz, carbonate of: barytes, priors Jess 
soluble than the pure earth. © | | aca: 

2. Blow the air'from the lungs, by means of a quill, a, tos 
bacco-pipe; or glass tube, through a solution’ of barytes. 
The solution will immediately become milky, :for the same 
sew as before. 

. With a solution of pure’ barytes, mingle a little water, 
tpilfinated with carbonic acid. An persia erent m 
tion of carbonate of barytes will ensue. mom 

4... Barytes has so strong an affinity for carbonic acid, as 
even to take it from other bodies. ‘To a solution of a small 
portion of carbonate of potash, of soda, or of ammonia, add 
the solution of barytes. The barytes will separate the car- 
bonice acid from the alkali, and will fall down in the state 
of a carbonate. By adding a sufficient quantity of a solu- 
tion of barytes in hot water, the ‘whole of the carbonic acid 
_may thus be taken from a carbonated alkali ; and the alkali 
will remain perfectly pure. 

If.—1. Carbonate of barytes is nearly insoluble in water, 
which, at 60°, does not take up more than +355 part, or, 
when boiling, about ;35- Water impregnated with car- 

bonic acid dissolyes a considerably larger proportion. * 
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2. Carbonate of barytes is perfectly tasteless, and» does 
not-alter vegetable blue colours. It acts as a violent poison: 

3. The combination of carbonic acid with barytes may 
either be formed artificially, as in themanner already dex — 
scribed, and by other processes, to be detailed in the sequels 
in which case it is termed, the artificial carbonate : or it may 
be procured, ready formed, from the earth, and is then called 
the native carbonate. It is not; however, a very comnion 
production of nature. The largest quantity, hitherto. dis« 
covered, Is in a miné, now no longer monica: ati Angee ls 
near Chorley, in Lancashire. 

_ 4. The native and artificial carkdinaths: differ iat the pto 
portion of their components. ‘The former contains, in 100 
parts, 20 acid and 80 barytes.. The artificial, according to 
Pelletier, consists of 22 acid, 62 earth, and 16 water. 
Strictly speaking they. are both sub-carbonates; but as we 
are unacquainted with any other compound of barytes and 
carbonic acid, they may be allowed to retainthe accustomed 
name of carbonate. ‘The latest analyses of this compound 
by Mr. Aikin, Mr. J ames Thomson *; and others, on its 

composition as follows; | 
peste acids Aeon ; 


From Mr. Aikin’s experiments. . djs ee QAO Kira 40h%6.38 
“Famagusta, 'isarsae wbsicace ohh piv Makes eee 
Klaproth anh Rose’s......22,00.....+78.00 - 


BUCHON Roe. aise v/a's stiek fee LOO atk ae 
- Berzelius’ sae 4 gta! va ee. 3 6 BL .00's # eh a his goes 
‘Dr. ba a rm ser ta - COUN aA EP: 91” 


When 100 grains ve i car Wghate. are a ee ws nitric 
acid, and. precipitated by a sulphate, they afford, according ) 
to Berzelius, 118.6 or 119, grains of sulphate of barytes, . 

_g. Carbonate of barytes is decomposed by an intense 
heat; ; its carbonic acid. being expelled; and the barytes 
remaining pure. The artificial carbonate is most readily 
decomposed. but the native one is generally employed for 
‘eotgiaang Bue barytes,: because it maay be had.in perneey : 


wh dale 
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able quantity. The process, which I have found to answer 
best, is nearly that of Pelletier. Let the native carbonate 
be powdered, and passed through a fine sieve. Work it up 
with about an equal bulk of wheaten flour into a ball, adding 
a sufficient quantity of water. Filla crucible of proper size, 
about one third its height, with powdered charcoal ; place 
the ball on this; and surround and cover it with the same 
powder, so as to prevent its coming into contact with the 
sides of the crucible. Lute on a cover; and expose it, for 
two hours, to the most violent heat that can be raised in a 
wind furnace. Let the ball be removed when- cold. On 
the addition of water, it will evolve great heat, as already 
described (chap. viii.), and the barytes will be dissolved. 
The filtered solution, on ilies will shoot into tearites 
crystals. 

6. Carbonate of: barytesj is deinruipcaéal ‘ the sulphuric, 
nitric, muriatic, and various other acids, which detach the 
carbonic acid, and combine with the earth. 


Art. § Car boseta of Aaaicr | 7 * 


The gelation of strontites to carbonic acid resembles, very 
closely, that of barytes; and all the experiments, directed 
to be made with the solution of the latter earth, may be re- 
peated with that of strontites, which will exhibit similar 
appearances. 

_ The carbonate of strontites requires for solution 1536 
patts: of boiling water. It is found native at Strontian in 

Axzgyleshire; .and may, also, be prepared by artificial pro~ 
cesses, which will be afterwards described... From this car- 
bonate pure strontites:may be prepared, by treating it inthe 
same manner as was directed for on calcination of carbos 
pate of barytes,. 

Ps Arr. 6. dhs No of Lime. 

1. Lime has a strong attraction a one acid, wits niot 
when perfectly dry. 

{a) If a piece of dry quicklime es passed into a jar of 
carbonic acid gas over mercury, no absorption ensues, ~ But, 
invert a bottle, filled with carbonic acid gas, over a mixture 
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of lime and water of the consistence of cream,-and a rapid 
absorption will be observed, eépeeially if the bottle be agi- 
tated. 

(v) Let ajar or bottle, filled with carbonic acid, be brought 
over a vessel of lime water. On agitating the vessel, a ra~ 
pid diminution will ‘ensue, and ‘a lime water wilt become 
milky. F ah) ay his furs f 
‘(c) Leave a slallow esas of rite water dens to the 
air., A white crust will form on’ the surface, ‘and this, if 
broken, will fall to the bottom, and be succeeded by another. 
This is owing to the absorption of carbonic acid ‘gas from 
the air by the =e which : is thus resin ee, in 
water. — we PTA EE: . “— 

» (d) Lime, when: chapel to thé atmosphere, first acquires 
fetch te and then carbonic acid; and, in a sufficient space 
of time, all the characters distinguishing it as'lime disappear. 
»(e) Lime has’ an extremely strong. affinity for carbonic 
acid, which enables it to’ take this acid from other’ sub< 
stances. Thus carbonates of alkalis are decomposed by 
lime. Slake a given quantity of lime into a paste with 
water, and add half its. weight’ of! carbonate of potash or 
soda. Boil the mixture, for | half an’howir, in an iron kettle, 
and separate the ‘liquid part’ by filtration or by subsidence. 
The’ carbonic acid combines with-the lime, and the alkali 
is obtained in a state of solution perfectly free from*car- 
bonic ‘acid. :This is:.the apo — of —— ‘the 
alkalis ‘of ‘carbonic acide) 6. he . 

“Af? Lime, when: iacianigit: with carbonic’ aiid must ne- 
cessarily form carbonate of lime/...We are unacquainted, 
however, with this salt, and it is chiefly by a rite of rea- 
soning that Berthollet has.shown-it' must ¢onsist of 100 
parts Sob lime united to 150.6 carbonic acid ; awsehasit (the 
sub-carbonate 100 parts of lime are combined with only 
half that quantity *. Of this, common chalk may be taken 
as a fair'sample; and in all: sub-carbonates of this-earth, 
we find the characters of insipidity and insolubility ‘if 
water. nae ‘arti marble, ame lisnesatoné; pees 
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chalk, ‘are all een of sub-carbonate of lime. It con 
tains te cent. | a ) i 
: ne Acid. ,; Base. 


“‘Kecording to Wollaston . SOT Bes 
~ Berzelius... na 43. 6... .56.4 
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it ices to pare erihetivottsl of a an atom of lime united with 
an atom of carbonic acid. | 

(zg) Carbonate of lime is decomposed bya a strong halls 
If distilled in an earthen retort, carbonic acid gas is ob- 
tained, and lime remains in the retort in a pure or) caustic 
state. By this process it loses about 45 per cent. © 

The very curious and important experiments of Sir aa 
Hall have proved, that when the escape of the carbonic 
- acid is prevented by strong pressure, carbonate of lime is 
fusible in a heat of about 22° of Wedgwood’s pyrometer *, 
And Mr. Bucholz has lately fused this substance, by the 
sudden application of a violent ‘heat, without additional 
compression +. 

(h) Carbonate of lime is decomposed ba the stronger 
acids. Put some chalk into a gas bottle, and pour on it 
diluted sulphuric acid. The sulphuric acid will unite with 
the lime, and the carbonic acid will be set at liberty. One - 
hundred grains of carbonate of lime, according to. Pfaff, 
are saturated by 88 grains of sulphuric acid of the specific 
-gravity 1854; and give 129.4 of sulphate of lime. These 
numbers, however, are not consistent with the known com- 
position of carbonate and sulphate of lime, which requires 
that 100 grains of the carbonate should be saturated by 
97.5 of oil of vitriol of the specific gravity 1850, and that’ 
there should result 136 of calcined sulphate of lime. 
_ By a comparison of this experiment with the preceding 
one (g), we may learn the proportion of carbonic acid and 
water contained in any carbonate of lime. Let 100 grains 
of the.carbonate be put into a. Florence.flask, with an ounce 
or two of water; place this in the scale of a balance; and. 


'*® Nicholson’s Journal, xiii. xiv. + Ibid. xvii. 229. 
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in the same scale, but ina separate bottle; about half an 
ounce of muriatic acid. Add the muriatic acid to the car- 
bonate as long as any effervescence is produced, and then 
blow out the. disengaged carbonic acid, which remains in 
the flask, by a pair of bellows. Ascertain, by .adding 
weights to the opposite scale, how much has been lost; sup» 
pose it to be forty grains; this shows the quantity of ‘car= 
_bonic acid disengaged. Calcine another 100 grains in a 
covered crucible. It will lose still more of its: weight ; be- 
cause, besides its carbonic acid, all the water is expelled 
which.it may contain. Let this loss be stated at 45 grains; 
the former loss deducted from this (45 — 40), or 5 grains, 
shows the quantity of water in 100 of the carbonate. 

. (i) Carbonate of lime, though scarcely dissolved by pure 

water, is soluble in water saturated with carbonic: acid. 
The most striking method of showing this is the following: 
Add to a jar, about one fourth filled with lime water, a 
very small quantity of water saturated with carbonic acid. 
An immediate milkiness will ensue, because the carbonic 
acid forms with the lime an insoluble carbonate. Add gra- 
dually more of the water, impregnated with carbonic acid, 
shaking the jar as these additions are made. At last the 
precipitate is re-dissolved. Hence it appears that lime, 
with a certain proportion of carbonic acid, is insoluble, 
_and, with a still larger,.again becomes soluble in water. 

(k) The carbonate of lime, dissolved by an excess of car- 
bonic acid (2), is again separated, when this excess is driven 
off. Thus boiling, which expels the superabundant acid, 
precipitates the carbonate. Caustic, or pure alkalis, also 
produce a similar effect. | | 


Arr. 7.—Carlonate of It opie 


I. Pure magnesia does not attract carbonié’ acid vith 
nen the same intensity as. lime. Hence magnesia may 
be exposed, for a long time, to the air, without any impor- 
tant change in its properties, | or much increase of weight. 
‘Fhe carlelilte of magnesia, used in» medicine, and» for 
experimental purposes, is prepared’ by a process ‘to be’ 


pe 
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described in the sequel. In this state, however, it is not en- 
tirely saturated with carbonic acid, and is rather a sub- — 
carbonate. Its composition Bucholz states to vary, as it is 
prepared with or without heat. If the former, it contains 
per cent. 42 base, 35 acid, 23 water; if prepared from cold 
solutions of sub-carbonate of soda and sulphate of niagnesia, 
it consists of 33 base, 32 acid, and 35 water. Mr. Dalton 
makes it to be composed of 43 base, 40 acid, and 17 water, 
which numbers indicate that it is constituted of one atom of 
acid, one of earth, and one of water. 

II. The saturated carbonate (as it has emery been con- 
sidered) may be obtained, by passing streams of carbonic 
acid gas through water, in which the sub-carbonate is kept 
mechanically suspended. The solution yields, when eva- 
porated, small crystals, which are transparent hexagonal 
prisms, terminated by hexagonal planes. These crystals 

' have no taste, and are soluble in 48 parts of cold water; 
whereas the sub-carbonate requires at least ten times that 
quantity. The crystallized carbonate contains per cent. 
30 acid, 30 earth, and 40 water, so that it is in reality con- 
stituted like the common ee bis with 3 atoms of 
water instead of one. 4 inven 

~IIk The ‘carbonate of magnesia is SB bieioenidl by the 
‘same agents as the carbonate of lime. It yields its carbonic 
acid, however, ina much more moderate heat. 
IV. Lime has a stronger affinity than magnesia for car- 
bonic acid. Hence, if lime water be digested with carbo- 
nate of magnesia, the lime is precipitated i in isi state of an 
imsoluble carbonate. 


Arr. 8.—Carlonate of Glucine. 


-Glucine appears to have a considerable affinity for car- 

‘bonic acid; for, when precipitated from acids by pure alkalis, 

+ and dried i in the air, it becomes effervescent. The carbonate 

-of glucine is white, insipid, insoluble, and very light. It 

‘contains abuut one fourth its weight of carbonic acid, er 
vit loses by exposure to.a low red-heat. | 

*». The carbonate of silex does not exist, wil raion of 

a 
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zitcon, alumine, and bow ia, have no oniere ny 
pe ris 


SECTION V. 
Gaseous Oxide of Carbon, or Carbonous Oxides — - 


Tuis combination of carbon with oxygen contains a less 
proportion of oxygen than is found in carbonic acid. | ‘Its 
discovery was announced in Nicholson’s, Journal, for April 
1801, by Mr. Cruickshank, and in the 38th volume of the 
Annales de Chimie, by Clement and Desormes, whose ex- 
periments are continued in the 39th volume, page 26. The 
Dutch chemists, however, in volume 43, object to its being 
considered as a distinct gas, and regard it merely as a car- 
~ buret of hydrogen. But their objections do not appear 
sufficiently strong to prevent the acknowledgment. of the 
gaseous oxide as a new and peculiar species. pis 

_ It may be procured by any of the following processes: 

1. By the distillation of the white oxide of zinc with one 

eighth its weight of charcoal, in an earthen or glass retort 
from the scales which fly from iron in forging, mixed with 
a similar proportion of charcoal; from the oxides of lead, 
manganese, or, indeed, of almost every imperfect metal, 
when heated in contact with powdered charcoal. It may. 
also be. obtained from the substance which remains after 
preparing acetic acid from acetate of copper. 
' 2. From well dried carbonate of barytes or of lime feoni- 
mon chalk), distilled with about one fifth of charcoal; or 
with rather a larger proportion of dry iron or zine filings, 
which afford it quite free from hydrogen. a 

8. By transmitting carbonic acid gas over charcoal ignited. 
in a porcelain Slt . The acid gas combines with an addi- 
tional dose of charcoal; loses its acich properties; and is con-. 
yerted into the carbonous oxide. An ingenious apparatus, 
contrived by M. Baruel, and extremely useful for this and ° 
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similar purposes, is described and represented by a plate, 
in the 11th volume of Nicholson’s Journal. 

The last product of the distillation is the purest, but still 
contains carbonic acid, which must be separated by washing 
the gas with lime liquor. 

Its properties are as follow: 

(a) It has an offensive smell. 

(b) It is lighter than common air, in the proportion of 
966 to 1000. One hundred cubical inches weigh 30 grains, 
the temperature being 55° Fahrenheit, and pressure 29.5 
(Cruickshank); or at temperature 60°, and barometer 30°, 
100 ‘cubic inches weigh 30.19 grains. Its specific gravity 
from calculation, according to y Gey sain rors should be 
pi Seg 

(ec) It is inflatable, and, when set fire to, as ‘it issties 
from the orifice of a small pipe, burns with a blue flame. 
When mixed with common air, it does not explode like. 
other inflammable gases, unless in very few proportions *, 
but burns silently with a lambent blue flame. It detonates, 
however, with oxygen gas. 

(d) When a stream of this gas is burnt, in the manner 
described in speaking of hydrogen gas, no water is con- 
denséd on the inner surface of the glass globe, a proof that 
the gaseous oxide contains no hydrogen.  Berthollet, in- 
déed, still contends, in opposition to most chemists (and 
among others to Gay Lussac) that hydrogen is one of the 
elements of this gas. 

-(e) It is sparingly soluble in water; is not absorbed by 
liquid caustic alkalis; nor does it precipitate lime water. 

(f) It is extremely noxious to animals; and fatal to 
them if confined in it. When respired for a few minutes, 
it produces giddiness and fainting t. 

(g) When 100 measures of carbonous oxide are fired 
over mercury in a detonating tube, with 45 of oxygen gass 
the total 145 are diminished to 90, which consist entirely 
of carbonic acid. Proportions, differing a little from these, 


* Dalton’s System, p. $73.. + See Phil. Mag. xii S67. 


3 YOL, I. > * 


$06 CARBURETTED HYDROGEN GASES. CHAP, XI, 


have been stated by Berthollet,; viz. that 100 measures of 
carbonous oxide are saturated by 50 measures of oxygen, and 
give 100 of carbonic acid; and these last proportions are 
coincident, also, both with the theory and PPS of 
Gay Lussac. 

(h) It is not expanded by electric she nor does it. ap- 
pear to undergo any change by electrization. 
_ (2) When the carbonous oxide, mingled with an equal 
bulk of hydrogen gas, is passed through an ignited tube, 
the tube becomes lined with charcoal. In this temperature, 
the hydrogen attracts oxygen more strongly than it is re- 
tained by the charcoal, and forms water. It was found, 
also, by Gay Lussac to be decomposed by the action of 
potassium, which combines with the oxygen and RHEE 
tates charcoal. . . ) . 

According to Mr. Cr facta it contains per cent. 
about 70 oxygen, and 30 carbon by weight ; or the former is 
to the latter as 21 to 8.6, oras 21 to9. Gay Lussac, how- 
ever, makes it to consist of 43 charcoal and 57 oxygen ; 
Berzelius of 44.28 charcoal and 55.72 oxygen, proportions, 
which agree, within a small fraction, with those of Clement 
and Desormes. It contains, therefore, just half the oxygen 
that exists in carbonic acid; and it is constituted of one 
atom of charcoal and one atom of oxygen, and weighs, 
according to Mr. Dalton, 7 + 5. 4 = 12.4, or, by the cor- 
rected numbers, 7.5 + 5.8 = 13.3, _ 


ie ba 


~ 


- SECTION VI. 


Combination of Carbon with Hydrogen, forming Carburetted 
_ Hydrogen Gas, or Hydro-Carburet. 


J. Of this combination there appear, on first view, to be 
panies distinct varieties, consisting of carbon and hydrogen, . 
united. in various proportions, and obtained by different 


pr OCESSES, 
2 
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1. When the vapour of water is brought into contact 
with red-hot charcoal, (by means of an apparatus similar 
to that represented, fig. 40), two different products are ob- 
‘tained. The oxygen of the water, uniting with the carbon, 
constitutes carbonous oxide and carbonic acid; and the 
hydrogen of the water dissolving, at the moment of its 
liberation, a portion of charcoal composes carburetted hy- 
drogen gas *.. The carbonic acid may be separated from 
the hydro-carburet, by agitating the gas, which has been 
* produced, in contact with lime and water, mixed ‘together, 
so as to be of the consistence of cream. 

2. By stirring, with a stick, the mud that is deposited 
at the bottom 6 ‘ditches or stagnant pools, bubbles of gas 
ascend to the surface, and may be collected in an inverted 
bottle of water, to the mouth of waner a fanned); also% in- 
verted, is fixed. 

3. By submitting coal to atssilsttoni in an iron or coated 
glass retort, a inva quantity of gas, besides a portion of 
tar, is produced. : “The latter maybe reccived in an inter- 
mediate vessel; and the gas must be well washed with lime 
liquor. The first product only is to be reserved as a spe- 
cimen of coal ‘gas; for, as the distillation proceeds, its 
density becomes gradually less; till, at length, the gas, 
which is produced at the close of the operation, is only 
about half as heavy as that evolved at first. ‘The quantity 
of gas, also, which is produced from a given weight of coal, 
is so variable from different kinds of this mineral, and is so 
much influenced by the degree of heat employed in its pro- 
duction, that it is scarcely possible to state any general 
average. From 120 pounds avoirdupois of the sort of coal 
called Wigan Cannel, about 340 cubic feet of gas may be 
obtained, of which half a cubic foot per hour is equal to a 
mould candle of six to the pound, burning during the same 
space of time. 

4. Let a porcelain tube, coated with clay, be fixed hori- 


* In Nicholson’s Journal, xi. 68, I have stated nts reasons for-be- 
iieving that this gas is not pure hydro-carburet. 
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zontally in a furnace, in the manner represented, fig. 40. 
To one end let a retort be luted, containing an ounce or two 
of ether or alcohol; and, to the other, a bent tube, which 
terminates under the. shelf of the pneumatic trough. ‘A: 
gas will be disengaged, on igniting the tube, and trans- 
mitting, through it, the alcohol, or ether in vapour, which, 
when washed with. lime-liquor, is the carburetted hydrogen. 

5. A fifth mode of obtaining hydro-carburet, consists in. 
distilling, in a glass retort, with a gentle heat, three mea- 
sures of concentrated sulphurie acid, and one measure of 
alcohol. The mixture assumes. a black colour and thick. 
consistence; and bubbles. of gas are disengaged, which may 
be collected over water. For reasons which will afterwards 
be stated, this gas has been named the olefiant gas. 

II.—1. These different gases vary considerably, in density 
‘or specific gravity. Atmospheric air being 1000, the spe- 
cific gravity of gas. from. moistened charcoal, is 480; from 
ether or alcohol: 520; from pit-coal between. 300 and 780, 
according to the period of the distillation, at which it is 
collected, the early products being always the heaviest. 
Gas from stagnant water, according to Mr. Dalton, is of | 
the specific gravity 600, and hence 100 cubic inches must 
weigh 18.3; but;Dr. Vhomson fixes its specific gravity at 
555, which would give only 16.93 grains for 100 cubic inches, 
The specific gravity of olefiant gas is stated by the Dutch 
chemists, its discoverers, at 909, by Dalton and Henry at 
967 or 950, and by Dr. Thomson at 974. From the last 
number, the weight of 100 cubic inches, at 60° Fahrenheit, 
and 30: inches. barometer, may be deduced to be 29.72 
grains. 

2. These gases differ as to the quantity, phigh water is 
capable of absorbing; for ofthe olefiant gas it takes up ith 
of its bulk; of gas from stagnant water 75; and of the 
others still less. 

_ §. The varieties of carburetted hydrogen gas, all agree in 

being inflammable; but they possess this property in va- 

rious degrees, as is evinced by the variable brightness of 

the flame, which they yield when set on fire. ‘They may 
1 ‘ | 
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be inflamed as they proceed from the orifice of a small 
pipe, or from between two concentric cylinders of sheet-iron 
or copper, placed at the distance of a small fraction of an 
inch from each other. On this principle, an Argand’s 
jamp may be constructed, for burning the gases, which will 
issue from that space, commonly occupied by the wick. 

When burned in either of these modes, there is a manifest 
gradation in the density and brightness of the flame. The 
gas from charcoal burns with a faint blue light, not suited 
to the purpose of illumination; that from ether or alcohol 
with more brilliancy; but still short of that with which the 
coal gas burns, when recently prepared; and the first pro- 
duct of gas from a given quantity of coal, affords at least 
twice as much light, as an equal volume of the last portions. 
The olefiant gas surpasses them all, in the aeeeny of light 
evolved by its combustion. 

If these gases be burned in a vessel of oxygen gas over 
lime-water, Eby means of a bladder and bent brass pipe 
(pl. iv. fig. 41), two distinct products are obtained, viz. wa- 
ter and carbonic acid. That water is produced, may be 
shown by burning a very small stream of this gas, under a 
long funnel-shaped tube open at both ends. The formation 
of Sdebanie acid is evinced, by the copious precipitation of 
the lime-water in the foregoing experiment. 

The composition of each of the above gases is learned 
by firing it, in a detonating tube over mercury, with a 
known citianitley of oxygen gas; and observing the nature 
and quantity of the products. These products are carbonic 
acid and water. The former may be exactly measured ; 
but the water is generated in such small quantity, that it 
can only be computed. The following table shows the re- 
sults of a few experiments of this kind. 


Measures of Oxygen’ Measures of Cir 


Kind of Gas. _ Gas required to satu- . bonic Acid pro- 
. j rate 100 Measures. duced. 
Pure hydrogen aris @eeeeeees 50 to 54. eoeee08 is iit 
Gas from charcoal . FP ooinBol oF). OF BHI SS 
‘ coal.. oeewe @ weevwvet8e:¢ 190. ° J eee5ueee#e#tet# 97.5 


‘ stagnant water.... BOGS ASS ae as se 100 - 
Olefiant gas eenmee eoeoetvenaaneed BOTs 5 sia eo ere bes 200 
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Now since, for the formation of each measure of carbonic 
acid gas, in the foregoing experiments, an equal volume of: 
oxygen gas is required, we may learn, by deducting the 
number in the third column from the corresponding one in 
the second, what proportion of oxygen has been spent in 
the saturation. of the hydrogen of éach variety of hydro- 
carburet. Thus, for example, in burning the gas from 
stagnant water, 100 measures of oxygen have been em- 
ployed in forming carbonic acid; and the remaining 100 
in saturating hydrogen, But 100 measures of oxygen are 
sufficient to: saturate 200 of hydrogen gas; and a quantity 
of hydrogen must therefore be contained in.100. measures 
of gas from stagnant water; which, expanded to its usual 
elasticity, would occupy 200 measures. 

From these data, it is.easy to deduce the composition of 
this variety of carburetted hydrogen ; sa if its ren grae 
wy be 0,6, 


‘ 


100 cubic inches must righ Aca idipliol Rap i epee 18.3 
The 100 cubic inches of carbonic acid produced 13,2 
weigh 47 grains, and contain of charcoal .. 


Hence the hydrogen, i in 100 cubic inches, maw, ve SL 


Or 100 grains of gas feo stagnant water are composed 
8) See keaton bet, ! 
“Carbon! 72.24% 2 Aaah 
Hydrogen. pcos 


100 


These results are most consistent with the opinion that 
this gas, which may he called simply carburetted hydrogen, 
is constituted of one atom of sso and two atoms of 
hydrogen. 

Olefiant gas, or super ‘aeebslarig hydrogen, investigated 
in precisely the same manner, is composed, in 100 grains, 


| Carbon. Hydrogen, 
According to ae Thomson * Of... daca eee mterit 2 i ie 


— Saussure, jun. OL... svnrneseOe eens reed 


* 37 Phil, Mag. 260, 
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It consists, therefore, according to Mr. Dalton, of one 
atom of carbon and one atom of hydrogen. This would. 
make the weight of an atom of charcoal 5.66; for 85 isto 
15, as 5.66 to 1; a result which coincides, as nearly as can 
be expected, with the weight of the atom of charcoal, al- 
ready deduced. from the ponapanition of carbonic acid, viz. 

5.65. 

The only distinct and well Hines species of hydro- 
carburet appear to me to be the olefiant gas; and the gas 
from stagnant water. Of these, with occasionally a portion 
of carbonic oxide, the other varieties appear to be mix- 
_ tures. The coal gas, for example, which is now so gene- 
rally used for the purpose of affording light, I have shown* 
to be a mixture of at least five others, the proportion of 
which varies at every successive stage of the distillation of 
coal. It has been contended, indeed, by Berthollet and 
others, that carbon and hydrogen are capable of uniting 
in a variety of proportions, not only with each other, but. 
with oxygen. But there seems reason to believe, from a 
careful examination of all the best experiments on these 
compounds, that hydrogen and carbon unite only in definite 
proportions, and’ that:these proportions are no other, than 
the two which constitute carburetted and super-carburetted 
hydrogen gases. — | 


* Phil, Trans, 1808, .- 
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SULPHUR. — SULPHURIC ACI D. —SULPHATES.-~-BIN ARY 
COMPOUNDS OF SULPHUR. 


In se sulphur and i its compounds shall poke them, 
in the following order: 
I. Sutpxour in its uncombined state. 

II. Sulphur united: with its full proportion of oxygen, 
constituting SULPHURIC aciD; and the compounds of this 
acid with alkalis and earths, termed SULPHATES. 

‘yh s Sulphur united with a less proportion of oxygen, 
composing SULPHUROUS ACID ; and. the compounds of this 
acid, called SULPHITES. . 

IV. The compounds of sulphur with alkalis and earths, 
termed sULPHURETS. | 
__V. The combination of sulphur and hydrogen, named, 
SULPHURETTED HYDROGEN; and the compounds, which it 
forms with alkaline and earthy bases, called HYDRO-SUL= 
PHURETS. 

VI. The compound of sulphuretted hydrogen with a still 
farther ‘quantity. of sulphur, composing SUPER-SULPHU=. 
RETTED HYDROGEN; and its compounds with different bases 
called HYDROGURETTED SULPHURETS, OF sometimes SUL= 
PHURETTED-HYPRO-SULPHURETS. 


SECTION I, 
SULPHUR. . 


¥. Tue sulphur, which occurs as an article of commerce, 
is a mineral production, and is brought to this country 
chiefly from Sicily. That which is. procured in our own 
island, is  generall y of very inferior quality, and contains a 
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portion of the metal, from combination with which it~has 
been separated. It is met with under two different forms ; 
of a compact solid, which has generally the shape of long 
rolls or sticks; and of a light powder called flowers of sul- 
phur. In general, the latter may be considered as most 
pure; but the. two yarieties, it will presently appear, are 
readily convertible into each other by the modified applica- 
tion of heat. Its specific gravity is 1.98 or 1.99. : 

IL. Sulphur is readily fused and volatilized. When heated 
to 170° of Fahrenheit, it begins to evaporate, and to pro- 
duce a very disagreeable smell ; at 185° or 190° it begins to 
melt; and at 220° is completely fluid. Ifthe heat. be ra- 
pidly increased, it loses at 350° its fluidity, and becomes 
firm, and of a deeper colour. It regains its fluidity, if we 
reduce the temperature; and this may be repeated at plea- 
sure, in close glass vessels, if the changes of heat be not 
slow; otherwise it is volatilized. It sublimes at 600°. 

II. ff, after being melted, it be suffered to cool, it con- 
geals in a crystalline form, but so confusedly, that we can 
not define. the shape of the crystals, farther than that 
they are slender interlaced fibres. If a large mass be kept 
fluid below, while it congeals at the surface, the crystalliza- 
tion there is much more distinct, When sulphur in com-. 
plete fusion, viz. at 300°, is poured into water, it becomes 
tenacious like wax, and may be applied (as is done by Mr. 
Tassie) to take impressions from engraved stones, &c. These 
impressions are quite hard, when the sulphur has become 
cold. It is then of a red colour, and of the specie gravity 
2.325. 

_ IV. At the temperature of about 290° Fahrenheit, sul- 
phur is converted into vapour ; and: if this operation be con- 
ducted in close vessels the volatilized sulphur is again 
collected in.a solid form. . What remains has been called 
sulphur vivum. This affords an example of the process of 
sublimation, which differs from distillation, in affording a 
solid product, while the latter yields a condensed liquid. th 
this mode, sulphur may, in part, be purified; and its puri- 
fication is completed, by boiling it repeatedly in distilled 
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water; then in twice or thrice its weight of nitro-miuriatic 
acid, diluted with one part of distilled water; and, finally, 
by washing it with distilled water, till this comes off taste- 
less, and incapable of changing the blue colours of vegetables, : 

V. When flowers of sulphur are digested in alcohol; no’ 
union takes place; but if the two bodies be brought into’ 


- _ €ontact, when both are in a ‘state of vapour, they enter into _ 


chemical union. ‘This may be shown by an ingenious ex- 
periment of La Grange, the apparatus for performing which 
is represented in the first plate of his “Manual.” Into a’ 
glass alembic (see the plates to this work, fig. 2) put a little 
sulphur; over this suspend a small bottle filled with alcohol ; 
and apply a receiver to the pipe of the alembic, the head 
being put into its place. ‘Lute the junctures, and apply a 
pisitle heat to the alembic. The sulphur will now be raised 
in vapour; and the vapour surrounding the bottle of alcohol, 
the latter will be volatilized, and will meet in this state.the. 
fumes of sulphur. A combination will take place between. 
the two bodies, and sulphurized alcohol will pass into the. 
-receiver. On pouring this preparation into mone the. 
sulphur will be precipitated. . 

VI. Though it had already been suspected (chiefly sea 
the experiments of M. Berthollet, junior, described in 
‘sect. 6, art. 4, of this chapter) that sulphur contains hydro- 
gen, yet the first unequivocal evidence of the fact was fur- 
nished by Sir H. Davy. A bent glass tube, having a 
platina wire hermetically sealed into its upper extremity, | 
was filled with sulphur. The sulphur was melted by heat; ' 
and‘a proper connection being made with the Voltaic ap- 
paratus of 500 double plates, each six inches square and. — 
highly charged, a most intense action took place. A very 
brilliant light was emitted; the sulphur soon entered into 
ebullition ; cere matter was ‘evolved in great quantities; 
and the sulphur, from being of a pure: yellow, became of a 
dark reddish brown tint. The gas was found to be sul-. 
phuretted hydrogen, or hydrogen gas holding sulphur in 
solution; and its quantity, in about two hours, ‘was more 
than five times the volume of the sulphur employed. ~ 
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Another proof of the presence of hydrogen in sulphur is 
derived from the action of potassium; for these two bodies 
combine with great energy, and evolve sulphuretted hydro- 
gen, with intense heat and light. 

Lastly, wherf dry sulphur is burned in dry oxygen gas, 
Sir H. Davy is of opinion that, besides sulphuric acid, 4 
portion of water is also formed; but he is still doubtful 
whether the hydrogen in sulphur can be considered as any 
thing more than an accidental ingredient. ‘This view of the 
subject is embraced, also, by Berzelius*, who found, by 
heating sulphur with oxide of lead, that the quantity of 
water produced, is much too minute to indicate any definite 
proportion of hydrogen in sulphur. | 

Another ingredient of sulphur, it appeared probable from _ 
the experiments of Sir H. Davy, is oxygen. For potas- 
sium, after being made to act on sulphuretted hydrogen gas, - 
evolved less hydrogen from water, than’ it ought to have 
done. It has since, however, been proved by Gay Lussac+, 
that when all sources of fallacy are avoided, a given weight 
of potassium, which has been exposed to sulphuretted hydro- 

gen, separates exactly the same volume of hydrogen gas from 
water, as an equal weight of recent metal. Potassium, 
therefore, acquires no oxygen from patel it be is 
contained in sulphuretted hydrogen. 

VII. Sulphur is inflammable, and appears: shouprable of | 

- two distinct combustions, which take place at different tem- 
peratures. At 140° or 150° Fahrenheit, it begins sensibly 
to attract oxygen; and if the temperature be raised to 180° 
or 190°, the combination becomes pretty rapid, accompanied 
by a faint blue light. But the heat evolved is scarcely sen- 
sible; at least it is so weak, that the sulphur may thus be 
burnt out of gunpowder, and the powder be rendered use=. 
less without inflaming it. At a temperature of 300°, its 
combustion, though still feeble compared with that of some 


* 79 Ann. Ch. 119.” t Ann. de Chim. vol. 73. 


{ For an account of the oxides of sulphur, see Dr. poeta: S paper 
in Nicholson’s Journal, vi. 101, 
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other bodies, is much more active, and accompanied with a 
redder light. When set on fire i in oxygen gas, it burns 
with a very beautiful and brilliant light; but of a given 
quantity of oxygen gas, it is not possible to condense the 
whole by this combustion, for reasons which hereafter will 
be stated. The product of these combustions, when ex- 
amined, will be found to be sulphurous and sulphuric acid; 
but chiefly the former, and if water be carefully excluded; 
sulphurous acid only is formed. It is necessary, therefore; 
in order to produce sulphuric acid, to make the ner 
over water. : 


Sere TS 
SECTION II. 
Sulphuric Acid. 


Tne properties of this acid must be exhibited by a 
portion of that usually found in the shops. Oar are as 
follows : , 

(a) Sulphuric acid has.a thick and oily consistences as 
may be seen by pouring it from one vessel into another. 
-(b) Tn a pure state, it is perfectly limpid and colourless. 
- (ce) When mixed suddenly with water, considerable heat 
is produced. Four parts, by weight, of concentrated sul- 
phuric acid, and one of water, when mixed together, each 
at the temperature of 50° Fahrenheit, have their témpe> 
rature raised to 300°.. When an ounce of water has been 
suddenly mixed with three of sulphuric acid, and the mix- 
ture been suffered to cool to the temperature of the atmos- 
phere, an additional half oz. of water raises it to 86°, 4 
second to 96°, and a third to 104° *. This rise of tempe-= 
rature takes place, because the affinity or capacity of the 
compound of sulphuric acid and water for caloric, is less 
than that of the acid and water separately. A diminution of 
bulk also ensues; that is, one measure of acid and’ one of 
water do not occupy the space of two measures, but about 


™. 


* Philips on the London Pharmac. p. 24, 
¢ | 5 , 
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sth less. Owing to the heat produced by its admixture 
_ with water, the dilution, for ordinary purposes, should be 
conducted very gradually ; and the acid should be added to 
the water by small portions at once, allowing each portion 
to cool before a fresh addition is made. On the principle 
of its attraction for water is to be explained, also, the rapid 
increase of weight. which the acid acquires when exposed to 
air. In one day, three parts of sulphuric acid, exposed to 
the atmosphere, are increased in weight one part; and one 
ounce, by twelve months exposure, has been found to gain 
an addition of 61. 

(d) Perfectly pure sulphuric acid remains quite limpid 
during dilution. ‘The sulphuric acid, however, commonly 
found in the shops, under the name of oil of vitriol, on ad- 
mixture with water, deposits a white powder, in consider- 
able quantity, consisting of various ies cachet but chiefly 
of sulphate of lead. 

(¢) Sulphuric acid is nearly twice as heaiy. as water. The 
specific gravity of the strongest, that can be obtained, is 
1.850; but even this contains 19 (according to Dr. Wollas- 
ton, 18.44) per cent. of water, which appears essential to its 
constitution, and can only be separated by combining the 
acid with a base. . It has been:ascertained, by Mr. Dalton, 

that acid, of nearly the maximum strength, has its specific 
| gravity very little altered, by adding or substracting small 
portions of water. ‘Thus acids, containing 81 and 80 per 
’ cent. of acid, do not differ more than 1 in ihe third place of 
decimals; nor is the specific gravity proportionally changed 
by dilution till it falls as low as 1.78. ‘The strength of the 
more concentrated acid may be better afansaihe?, by ob- 
serving how much water is required, to bring it down to 
the specific gravity 1.78. The boiling point, also, Mr. 
Dalton has discovered, is a much better test of its strength ; . 
and he has constructed the following useful Table, in which 
account is taken of all these circumstances. 
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Mr. Dalton’s Table. of the Quantity of real Acid in 100 
Rarts of Liquid Pah atte Acid, at the a Aa" 
_ Fohrenheit. - 


Real Acid | Real Acid | 


Atoms Specific 


Acid Water. | P ‘i bt Diane Gravity. Boiling Point. 
1+ 0 100 unknown. unknown. unknown. 
-I+ 0 81 150 1.850 620° 
80 143) 1.849°"4"™ 605" 
AQ ee 246 1.848 1 > 590° 
78 144. 1:847.. poeag7sP 
47 142 1.845 - 560° 
76 140 1.842 545°. 
pie 3 138 1.838 530° 
74 135 1.039, 7) Solo 
73 133 L627 Ser 
2 131 1.819) }o0r4g7%@) 
71 129 1810 iy eee RFS8A 
70 126 | 1.801. 460° 
69 124 1.791 | 447° 
5 Ga 68 121 1.780 435° 
67 118 1.769 492° 
66 LIGIUAT MYTH os 410° 
65). 113. | 10744 4.00° 
64 111 1.730 - 391° 
63 108 L715 1 eee 
62 105 | 1.699 374° 
61 103 1.684 367° 
: 60 . 100 1,970 Bs pea ha 
i+ 3 58.6 O97. 4). 36650 350° 
50 76 1.520 290° 
40° 56 1.408 ..¢ 260° , 
1+10 30 39 1.30+5 | 24.0° 
‘T4117 20 DAs 1.200 294 
2p38 » 10 a * #10—" I 218 


- It is sometimes of importance to the chemical artist to 
know the proportion, not of real acid, but of acid of com- 
merce, in diluted sulphuric acid of different specific gravi- 


so = a ee A - Pi 
ee ee ee ee ee mS 


* 
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ties. An approximation to the true proportion may be ob- 
‘tained, by increasing the numbers, indicating the real acid, 
one fourth. For example, acid of the specific gravity 1.200, 
contains, according to the above table, 20 per cent. of -real 
acid; which, increased one fourth, gives 25 per cent. of acid 
of sp. gr. 1.849. A very copious Table, constructed by 
Mr. Parkes from actual experiment, is given in the 40th 
volume of the Philosophical Magazine. Its length only 
prevents me from inserting it here} and the shorter Table 
of Vauquelin, in the 30th volume of Nicholson’s Journal, is 
rendered less fit for the English chemist, because ‘the 
acid, employed in the experiments on which it is found- 
ed, is inferior in density to the average acid sold -in >this 
country. 9 } | 

~(f) Sulphuric acid, by a sufficient reduction of its tem- 
perature, may be frozen; and under favourable circumstan- 
ces, it assumes a regular crystalline form, a considerable 
degree of solidity or hardness, and a density exceeding that 
which it possessed in a fluid state. From the experiments 
of Mr. Keir * it follows that there is a certain point of spe- 
cific gravity (viz. 1780 to 1000), at which the sulphuric acid. 
most-readily congeals; and when of this degree of strength 
it requires even a less degree of cold than is sufficient to 
freeze water, its congelation taking place at 45° Fahrenheit. 
From the specific gravity of 1786 on the one hand to 1775 
on the other, it freezes at. 32° Fahrenheit. It is singular 
that it remains congealed at a temperature higher than that 
originally required for freezing it. Acid, for example, which 
did not become solid till its temperature was reduced to 
32°, remains frozen at 45°. When of the specific gravity of 
1843, or as nearly as possible of that of commerce, it was 
found by Mr. Macnab } to freeze at — 15° Fahrenheit; but 
this acid, mixed with rather more than half its weight of 
water required for congelation the temperature of — 36° 
Fahrenheit. 

_@) To purify sulphuric acid, it must he distilled in a glass 


- .®* Philosophical Transactions, lxxvi?l. 267.4 Ibid. ik att. 
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retort, placed in the sand-bed of a reverberatory furnace, 
This process is a very difficult one; and an inexperienced 
chemist should, therefore, not attempt it. To those, how- 
ever, who have the means of repeating the process, and 
sufficient experience in chemical operations, the following 
instructions may be useful; especially as it is indispensible; 
in all experiments of research, to employ an acid shus 
purified. 

The farnace, in which this process is conducted, should 
have a contrivance for supporting a sand-bath within it at. 
a proper height; and an opening in the side, for transmitting 
the neck of the retort. (PI. vii. fig. 62, 63.) The retort 
must be coated with clay and sand over its whole body, and 
also over that part of the neck which i is exposed to the fire. 
It is then to be placed, the coating being previously dry, in 
the sand-bath, about one half filled with sulphuric acid; 
and a receiver must be applied, but not luted on. "The fire 
must now be lighted, and raised with extreme caution. ‘The 
first portion that comes over, amounting to about one sixth; 
consists chiefly of water, and may be rejected. This is 
followed by the concentrated acid; and, at this period, there 
is great risk that the neck of the retort will be broken, by 
the: contact of the condensed acid; which has a very high 
temperature, and which frequently cracks the glass, as 
effectually as the application of a red-hot iron. The fire 
must be regulated by the register-door of the ash-pit, so that 
several seconds may elapse between the fall of the drops into 
the receiver. The process may be continued as long as any: 
acid is condensed. ‘The retorts,’ employed for this on Set 
should be most attentively annealed. 

Sulphuric acid may be less perfectly purified by diluting 
it with an equal weight of water, allowing the impurities: 
to settle, decanting the clear liquor, and ey  kbaad it) 
the proper degree in a glass retort. 

(h) The proportion of the elements of sulphuric acid Hak 
been investigated by several chemists. Berthollet oxys 
nated 17.846 parts of sulphur by nitric acid, itches 
a quantity of sulphuric acid, which gave 127.515. parts of. 
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sulphate of barytes. Hence 100 parts of sulphur would have 
formed 230.79 parts of real sulphuric acid (= about 292 of 
density 1.85). Klaproth, Richter, and Bucholz obtained 
results ‘nearly agreeing with each other. Berzelius, to avoid 
all fallacy from the hydrogen contained in sulphur, com~ 
bined it, in the first place, with lead, which like other metals, 
always evolves much hydrogen, and then oxygenated the 
sulphuret. The following Table exhibits the proportions, 
deduced from different experiments, in 100 parts of real 


acid 

. ) Sulphur. Oxygen. 
From the He, Send ys of Berthollet-.. 43.28 . 56.72 
— Klaproth .. 42.20 57.80 


Bucholz ~ 42.50 57.50 
Berzelius .. 39.92 60.08 
Bea ven admitted by Dr. Wollaston .. 40.0. 60.0 


If the proportions be taken at 40 sulphur and 60 oxygen, 
and if the acid consists, as Mr. Dalton supposes, of 1 atom 
of sulphur and 3 atoms of oxygen, the atom of sulphur will 
weigh 15; for as (60 + 3 =) 20 is to 40 sois 7.5 to 15; 
and the weight of an atom of sulphuric acid will be 37.5. 
Mr. Dalton’s numbers are 13 for the atom of sulphur, and 
34 for that of sulphuric acid. 

A coincidence has been pointed out by Berzelius, which 
is very remarkable, and is deemed by him sufficiently gene- 
ral, to be admitted as a law; viz. that in any combination 
of two oxygenated bodies with each other, the oxygen of 
the one is either a multiple or divisor of that of the other, 
by some simple number. Sulphuric acid, of 1850 density, 
affords an illustration of this principle; for it consists of 81 
real acid and 19 water; and it will be found that the oxygen 
in the acid is, as near ly as possible, 48; and the oxygen in 
the water 16, so that, in this case, the multiple is 3, for 
16 + 3=48. Various other examples of the same general 
principle will be given, in treating of metallic oxides. In 
all neutral compounds of sulphuric acid with ‘alkaline, 
earthy or metallic bases, the acid contains a quantity of 
oxygen, which exceeds that in the base’ by hs same 

multiple 3. “Pu lll BStrTot 

VOL. I. ¥ 
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(i) Sulphuric acid is decomposed at the temperature of 
the atmosphere, by inflammable substances, and acquires a 
dark colour. The addition of a little brown sugar, ora 
drop of olive oil, to a portion of the acid, imparts to it a 
brownish hue, which in time changes to black. Hence this 
acid should always be kept in bottles with glass stoppers; 
for a small bit of straw or cork, if dropped into a consider-. 
able quantity of sulphuric acid, changes it in the manner 
that has been pointed out. 2 

(&) In high temperatures, sulphuric acid is still farther 
decomposed by combustible bodies. 

1. Hydrogen gas, brought into contact with sulphuric. 
acid, in a state approaching ignition, decomposes it, and 
water and sulphurous acid are formed. This, however, is: 
a most dangerous and difficult process, which it is not 
advisable to repeat. 

2. According to Gay Lussac, sulphuric adie is decom-' 
posed by heat alone, and is resolved into two parts by mea- 
sure of sulphurous acid gas, and one of oxygen gas... This 
experiment is best performed by passing a acid through a 
red-hot tube of glass or porcelain. 

8. Sulphur, by being boiled in sulphuric acid, partly: 
deoxygenates it, and converts a portion of it into sulphurous 
acid, which comes over in a gaseous state. 

4, Into a glass retort, put such a quantity of sulphuric 
acid as will fill about one fourth part of it, and add a small 
portion of powdered charcoal. On applying the heat ofa 
lamp, gas will be produced very abundantly. Let this gas 
be conveyed by a tube fixed to the mouth ofa retort, and: 
bent in the proper manner, into an inverted jar of water; 
or, if it can be had, into an inverted jar of quicksilver in 
a mercurial apparatus. During this operation, the carbon 
attracts part of the oxygen of the sulphuric acid, and forms 
carbonic acid gas. But the sulphur is not entirely dis- 
oxygenated ; and a compound is therefore formed of sul- 
phur and oxygen, containing less oxygen than the sulphuric 
acid. ‘This compound exists in the state of a gas, and its 
properties may next be examined. To avoid, however, 


& 


* 
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the complication which the admixture of carbonic acid with 
this new product introduces into the experiment, it may be 
proper to prepare it in a mode less objectionable, but the 
rationale of which cannot at present be explained. This 
consists in dissolving two parts, by weight, of quicksilver in 
one of sulphuric acid, and boiling the mass to dryness, in 
the bottom of a broken Florence flask. The dried mass is 
next to be distilled in a strong sand-heat; a glass globe 
being interposed between the retort and the receiving mer- 
curial trough, to condense any sulphuric acid that may 
escape decomposition, (See pl. ii. fig. 31.) The gas thus 
obtained is termed, conformably to the principles of the 
new nomenclature, sulphurous acid. 


SECTION III. 


Sulphurous Acid Gas. 


SurpHurovus acid may be formed; also, Ist, by burning 
sulphur at a low temperature in common air, under.a glass 
bell; and if slips of linen cloth, dipped in a solution of pot- 
ash, be exposed to the vapour, the alkali forms a combina- 
tion with the sulphurous acid, which may afterwards be 
washed off and evaporated. The dry salt, distilled. with 
liquid tartaric acid, gives sulphurous acid gas. 

Qdly. It is formed, _ exalitdively; when sulphur is burned in 
dry oxygen gas. The gas, when restored to its original 
temperature, is found to be contracted =!,th or =,th of its 
bulk; but this is probably owing to the hydrogen anual 
in sulphur, for there is every reason.to believe that oxygen 
gas, by becoming sulphurous acid, is not at all changed in 
volume. 

3dly. It is produced, by heating red oxide of mercury 
with one fourth of its weight of sulphur, in the proportion 
of about a cubic inch for et five grains of the oxide. 

¥ 2 
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“Its properties are the following : 

(a). It has a. pungent and suffocating ‘smell, axaene re- 
sembling that which arises from burning sulphur. ) 

(2) It i is more than twice as heavy as atmospherical air. 
One hundred cubic inches are stated by Mr. Kirwan to 
weigh 70.215 grains, which would make its specific gravity 
2.265. By Sir H. Davy, the same volume is said to weigh 
68 grains, which would give the specific gravity of 2.23. 
According to a calculation of Gay Lussac, founded on the 
Rporan of its elements, its specific gravity should be 

2.30314. . 

(c) Monge and Clouet asser t, that if the gas be exposed, 
at the same time, to a temperature of 31° Fahrenheit, and 
to. great pressure, it assumes a fluid state. 

(2) It extinguishes burning bodies; and kills sig 
when respired. 
(ec) It has the property of whitening or bleaching silk, 

and of giving it lustre. 

(f) Of sulphurous acid, water absorbs 33 times its bulk, 
or one eleventh of its weight, caloric is evolved, and the 
solution at 68° has the specific gravity 1.0513. Mr. Dalton 
states the quantity absorbed to be only 22 times the bulk of 
the water. From the solution, when recently prepared, the 
gas may be separated by heat, but not bycongelation. 

(g) The watery solution does not redden infusion of lit- 
mus, as acids in general do, but totally destroys its colour. 
Hence its use in bleaching several vegetable and animal 
products. It restores the iad of syrup of abi which 
has been reddened by other acids * 

(h) Sulphuric acid, saturated with this gas, which may be 
effected by passing the gas through the acid, acquires a 
strong smell, a sellane ke brown colour, smokes when ex- — 
posed to the air, and has the property of assuming a solid 
form, by a moderate reduction of its temperature. "When 
distilled, the first product, which is a compound of the two 
acids, assumes a solid form. It has been called . glacial 


_* Nicholson’s Journal, xvii. 303, 
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sulphuric acid. \t has recently, however, been asserted by 
Vogel *, that the presence of sulphurous acid is not the cause 
of the glacial quality of oil of vitriol; and that, when con- 
verted to this state, by boiling in contact with sulphur, it 
contains no sulphurous acid. The nature of the change he 
has not yet fully explained. 

(¢) Sulphurous acid is again converted to the state of 
se pee by restoring oxygen to it. 

. A mixture of oxygen and sulphurous acid gases, both 
pe ale dry, and standing over mercury, is not diminished 
by remaining in contact with each other during some. 
months; : but if a small quantity of water be added, the 
mixture begins to diminish, and sulphuric acid is formed: 
The same gases ina state of mixture, by the action of elec- 
tricity, or by being driven through a red-hot porcelain tube, 
afford sulphuric acid. The proportions required for mu- 
‘tual saturation are two measures of sulphurous- acid and one 
of oxygen gas. 

2. ‘To a portion of water Ui dnitad with sulphurous acid 
eas, add a little oxide of manganese, a substance that contains 
much oxygen, loosely combined. ‘The pungent smell of 
the water, and the other characteristics of sulphurous acid, 
will soon disappear. 

3. Sulphurous acid gas Is condensed into sulphuric acid 
by admixture with nitrous gas, and also by oxy-muriatic 
acid gas; but not unless the gases are in contact with water. 

(i) When the temperature of sulphurous acid gas is 
greatly reduced, by surrounding it with a mixture of snow 
-and muriate of lime, it is changed. into a liquid. 

(k) If sulphurous acid gas and fresh muriate of tin are © 
brought into contact over mercury, the volume of the gag 
is speedily diminished, sulphur is deposited, and the pro- 
muriate becomes a per-muriate of tin, (Accum.) | 

Both these acids are susceptible of combination with 
alkalis. 


(2) It is decomposed, when submitted to the heat of - 


OE ee 


* $4 Ann, de Chim. 283. 
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ignition, in contact with certain combustible bodies. Thus, 
when a mixture of sulphurous acid and hydrogen gases are 
driven through a red-hot porcelain tube, the oxygen of the 
acid combines with the hydrogen, and forms water, and 
sulphur is obtained in a separate form. ‘The sulphurous 
acid is decomposed, also, when transmitted over red-hot 
charcoal; and, as appears from Gay Lussac’s experiment, 
by potassium. 
_ From the testimony of the same chemist we learn that 
100 parts of sulphur, to become sulphurous acid, unite with 
95 oxygen. The following Table shows the domnlibes derived 
‘from different authorities. Sulphurous acid contains per 
cent. 


Sulphur. Oxygen. 

According to Gay Lussac ....51.30......48.70 

——__—_——— Berzelius ...... 5OOS* ig vale 49.97 
Phomeon (70% ss: 58.0".se es 47.0 


“The determination of Berzelius, of equal weights of its 
ingredients, agrees best with the specific gravity of the gas ; 
for if 100 cubic inches weigh 68, and 100 cubic inches of 
oxygen 34, the remaining 34. must consist of sulphur. 

Its atomic consiaton, according to Mr. Dalton, is 1 
atom of sulphur + 2 atoms of oxygen; and the weight of 
its atom will, therefore, be 30. The combination of 1 atom 
of sulphur with 1 atom of oxygen remains to be discovered ; 
“and it will probably appear in the state of an oxide. 


—— 


SECTION IV. 
~— Combination of Sulphuric Acid with Alkalis. 
Art. 1.—Sulphate of Potash. 


Tus salt may be formed by saturating the carbonate of 
potash with sulphuric acid, and_ crystallizing the solution. 
_ Its properties are the following: 

(a) It crystallizes in small six-sided prisms, terminated 
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by six-sided pyramids with triangular faces. Its specific 
gravity, according to Hassenfratz, is 2.0473. 

() It has a bitter taste. 

(c) It decrepitates when thrown on a red-hot iron, or on 
red-hot coals, and is volatilized by a strong heat, first 
running into fusion. By a low red-heat it loses very little 
of its weight, not more than one and a half or two per cent. 
Indeed it does not essentially contain any water. 

(d) Water, at 60° of Fahrenheit, takes up only one six- 
teenth of its weight; but boiling water dissolves one fifth, or 
by continuing the application of heat even one fourth. 

(e) The composition of this salt is determined by the | 
quantity of sulphate of barytes, which its solution affords 
with any barytic salt. From 100 parts of the ignited salt, 
dissolved in water, Dr. Marcet obtained 132 of sulphate of 
barytes, Berzelius 134.68, and Mr. R. Phillips, 136.7. 
Hence the composition of the salt (reckoning the acid in 
sulphate of barytes at 33.5 per cent.) is, 

: Acid. Base. 


According to Dr. Marcet ....44.22......55.78 
——_—_—_——— Mr. Phillips ....45.79......54.21 


BucholZ. sess A SON eRe ae 53.79 
NJAILOM ag wage ys 44.70 .. 55.30 
Berara DOC eT e.. ihe tmoneaee 57.24 
Berzelius ...... 45.0 ......55.0 


If the weight of the atom of potash be 50, and that of 
sulphuric acid 37.5, the determination of Berard would be 
nearest the truth; but the proportions which would best 
suit the weights assigned by Mr. Dalton (42 for potash and 
34 for sulphuric acid), ate those approaching to 45 acid and 
55 base. For though some doubt may exist as to the pre- 
cise weights of the atoms of potash and sulphuric acid,. it 
can scarcely. be questioned that this salt is: composed of one 
atom of potash united with one atom ofacid. Mr. Dalton’s 
numbers make the weight of the atom 76, and the corrected 
ones would increase it to 87.5. 

(f) Sulphate of potash is decomposed, in high tempera- 
tures, by charcoal. Mix any quantity of the salt with one 
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fourth of its weight of charcoal finely powdered, and expose 
the mixture, in a cgucible, to a-strong heat. The carbon: 
will unite with the oxygen of the: sulphuric acid, and will 
escape in the state of a gas. What remains is a compound, » 
hereafter to be described, of sulphur and potash. cf 


4 


rays Super-sulphate of Potash. # 
athen to a saturated solution of sulphate of potash in 
boiling water, we add an excess of sulphuric acid, the first 
cr ystals, which are formed, contain a considerable excess of 
sulphuric acid, not less in ‘the whole, according to Ber- 
thollet *, than 55.8 per cent. By continuing to evaporate” 
the seslaeicen! we obtain successive quantities of crystals, 
which hold less and less acid in combination. Thus the 
second: set, according to the same chemist, contain only: 
49.5 per cent. of acid; and he was therefore of opinion, that. 
sulphuric acid and potash are capable of uniting in all propor-- 
tions. It is mach more agreeable, however, to analogy to: 
believe, that m this, as in all other energetic combinations, 
the proportions are limited. The super-sulphate, it is pro= 
bable, consists of one atom of base with two atoms of acid, 
or of 55 base + 90 acid; and its composition may bere con=. 
trasted with that of the sulphate as follows: _ 
_.,  Super-Sulphate. Sulphate, ~:-° 
Potash jv p'ce' BBS AO. | UES. 2 100 
Sulphuric acid’ ..' 62.3 /.164.. ) 0: 45... 82° 


100 4 64,.:|..100 . . 182 
This salt has an intensely sour taste and a powerful action 
on. blue vegetable colours. One part is soluble in twoof | 


water at 60°, and in less thah an equal weight at 212°, bien 
is insoluble 3 in aleohol. | 13 


3. 


ad 


chee. 2. hee os of. Soda, 


(a) ‘This salt forms regular octahedral crystals, of a pris 
matic or cuneiform ‘fiphre: the two terminating pyramids 
ef which are tr uncated near their. basi a a3 . 


ae Ménoires d’Arcueil, 3 ii, 480. 
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(b) It has a more bitter taste than the preceding sulphate, 
and melts more easily in the mouth. 

(c) It swells upon a heated iron, in consequence of the 
loss of its water of crystallization, and a white powder is 
Jeft, amounting to only about $6 parts from 100 of the 
original salt, or 43.2 according to Bucholz. 

(2) By exposure to the atmosphere, it effloresces, and 
loses weight, and with so much quickness, that it is difficult 
to ascertain precisely its water of crysta tization, Berzelius 
states it at 56 per cent. , 

- (¢) It is very soluble in water, three parts of which, at 
60° of temperature, dissolve one of the salt; and boiling 
water dissolves its own weight. 

_(f) Its composition is fatarcert from the quantity of sul- 
sliaie of barytes, obtained by decomposing the solution of a 
known weight of this salt by any barytic salt. _Bucholz, 
from 1000 grains of the crystallized salt (= 432 deprived 
of water) obtained 698 of sulphate of barytes; and Berze- 
- lius, from 5 parts of the dry salt, precipated 8.16 of sul- 
phate of barytes. His experiment, to have corresponded 
with that of Bucholz, should have given 8.12. Assuming 
the acid in sulphate of barytes to be 33.5 per cent, 100 
parts of dry sulphate of soda (giving 161.3 of the barytic 
sulphate) must consist of 


aes save: oe ABs whe 62% 2200 
A Cith oe eis ae Pe ai io) ig win RIAD 


100 
-. Mr. Dalton’s. numbers are 54.8 acid + 45.2 base; Dr. 
Wiollaston’s 56 + 44; and those of Berzelius 55.76 + 44.24. 
But whichever of these numbers may be adopted, it will be 
found not inconsistent with the opinion, that the salt is 
‘composed of one atom of base + one atom of acid. 
The crystallized sulphate consists, calculating from the 
data furnished by Rema of 


Soda . » 19.36 
Acid nee: tr 
Water ......56. 


100, 
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Arr. 3.—Sulphate of Ammonia, 


_. (a) The sulphate of ammonia forms long flattened prisms 
with six sides, terminated by six-sided pyramids. | 

(8) It slightly attracts moisture from the air. 
, (e), It has a cool bitter taste. | 

(d ) Two parts of water, at 60°, take up one of the aif 
ey boiling water dissolves its own weight. During solu- 
tion, it produces cold; and also when mingled with powdeted 
ice, or with snow. 

(e) The sublimed salt has an excess of acid; a portion of 
the base being expelled by the application of heat. | 
' (f) It contains, per cent., according to Berzelius, 

Ammonia ........22.6 


Sulph. acid ........58.1 
Water i ee ee eee 


100. . 

(g) It liquefies, by a gentle heat, and is volatilized. Ifa 
stronger heat be applied, it is decomposed *. 

(hk) The pure fixed alkalis, potash, and soda, seize ihe 
sulphuric acid, and set at liberty the alkali. Hence a strong 
smell of ammonia arises on the admixture of pure Soue¢ or 
potash with this salt. 


hae: 4:.—Sulphate of Barytes. 
Barytes has a powerful affinity for sulphuric acid; and 
the combination of these two bodies may be effected with 
great facility. 

(a). To a solution of pure barytes, add sulphuric aL 
A white precipitate will appear, which ‘is the sulphate of 
barytes. _ 

(4) The same compound is formed, by adding sulphuric 
acid to carbonate of barytes, or to a solution of muriate or 
nitrate of barytes. . 


* See Mr. Hatchett’s paper in Philosophical Transactions, 1796, or 
Davy’s Researches. 
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_ (c) The sulphate of barytes is one of the most insoluble 
substances, requiring for its solution 43,000 times its weight 
of water? - 

(d) Barytes has a stronger pein than any other body 
for sulphuric acid. 

(e) Owing to these poor the solution of pure barytes, 
and of the nitrate and muriate of barytes, are very sensible 
tests of sulphuric acid, and of all its combinations. ‘Let a 
single drop of sulphuric acid fall into a wine quart of pure 
distilled water. On adding a few drops of one of the fore- 
going solutions of barytes, a precipitation will ensue. 

Cf) Sulphate of barytes is decomposed by carbonate of 
potash, Boil the powdered sulphate with a solution of 
twice or three times its weight of carbonate of potash. The 
carbonic acid will pass to the barytes, and the sulphuric to 
the potash. 

(g) By this process, carbonate of been may be procured, 
for the purpose of preparing the pure earth, and its various 
salts, when the native carbonate cannot be had in sufficient 
abundance. The sulphate is found, in considerable quan- 
tities, accompanying lead ore, in Derbyshire and other parts 
of England, where it is known by the names of cawk, 
ponderous spar, &c. When applied to the purpose of ob- 
taining the carbonate of barytes, it is to be finely powdered, 
mixed with three or four times its weight of sub-carbonate 
of potash,.and boiled with a proper quantity of water fora | 
considerable time, in an iron kettle, stirring it, and breaking 
down the hard lumps, into which it is apt to run, by an iron 
pestle. It is then to be washed with boiling water, as long 
as this acquires any taste. On the addition of dilute muriatic 
acid, a violent effervescence will ensue, and a considerable 
portion of the earth, probably along with some metals, will 
be dissolved. To the saturated solution, add a small portion 
of pure ammonia. This will throw down any metals that 
may be present 5 and the barytes may afterwards be pre- 

_cipitated in the state of a carbonate, by a solution of car- 
bonate of paras Let the precipitated earth be well washed 
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with distilled water; and, if the pure barytes is to be ae . 
from it, let it be treated as directed, chap. x. 

_ (hy. Sulphate of barytes is also decomposed when ignited 
with powdered charcoal, which abstracts the oxygen of the 
sulphuric acid, and leaves a combination of sulphur and 
barytes.. From this, the barytes may be removed by muriatic | 
acid, as already directed, and the muriatic solution be de- 
composed by carbonate of potash. 

(i) The sulphate of barytes, when decomposed by char- 
coal, affords one variety of solar phosphorus. ‘This phos- 
phorus has been called, from the place where the sulphate 
is found from which it was first prepared, the Bolognian . 
phosphorus. The native sulphate, powdered after being © 
ignited, and finely sifted, is to be formed into a paste with. 


mucilage of gum arabic, and divided into cylinders or pieces. 


of one fourth of an inch in thickness. These, after being — 
dried in a moderate heat, are to be exposed to the ten:pe- 
rature of a wind furnace, placed in the midst of the charcoal. 
When the fuel is half consumed, it must be replenished, 
and suffered to burn out. ‘The pieces will be found, retain- 
ing their original shapes, among the ashes, from which they 
may be separated by the blast ofa pair of bellows. ‘T ne 
must be preserved in a well-stopped phial. | 

This i gin soa hii after being exposed a few minutes to 
the sun’s rays, shines in the tax sufficiently to render 
visible the dial of a watch. This property is lost by repeated 
use, In consequence of the oxygenation of the caibaipl ; but 
may be restored by a second calcination. 

(k) Sulphate of barytes, when ar isis formed an 
calcined, contains in 100 parts, 


Base. Aeid. 
Ardine to Klaproth |) s. <.04. 66,55 65/3 33.45; 
oo — Mr. A. Aikin*®....66.04....33.96. 
* —— Mr, J, Thomson +. 66.96... .33.04 
| Berthollett ...... 66.50 ..(..83550 *: 
— Berzelius§ ...... 65.69... .34.31 


TARR RN . a . zs ~ - i S 
* Nicholson’s Journal, xxii. 301. + Nicholson’s Journal, xxiii. 174: 
f{ Mémoires d’Arcuei), 11. ~  § 79 Annales de Chimie, 138. 
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_The determination of Berthollet, being nearly a mean of 
three, may be considered as aufficionthad accurate. Dr, 
Wollaston assumes 66 parts of base and 34 of acid, as ex- 
pressing most correctly its composition. The native sulphate, 
according to Klaproth, is composed of one third acid and 
two thirds base *. Its atomic constitution is one atom of 
base and one of acid. 


Art. 5.—Sulphate of Strontites. 


‘I. This salt resembles, very nearly, the sulphate of , 
barytes. It may be formed in a similar manner, by pouring. . 
the solution of pure: strontites into diluted sulphuric acid,,., 
or into the solution of an alkaline sulphate; for it hasa . 
stronger affinity than any of the alkalis for aupaaes acid. 
It is soluble in 3840 parts of boiling water. fit 

II. The sulphate of strontites is also found native. in con- 
siderable quantities; chiefly at Aust Passage, and at other~ 
places in the neighbourhood of Bristol. As the native car- 
bonate is now becoming scarce, this compound may be 
advantageously employed for procuring artificial carbonate 
of strontites. ‘The process is precisely similar to that-al- 
ready described for decomposing the sulphate of barytes. 
(Art. 4. g.) 

According to a considerable majority of the chemists whe 
have analyzed it, it consists of 


AOU soe vc sk hte ee ee Be 100 
Strontites....3:23... 4:68 TES oe: 


Cee eed = ae oe 


100 ace 


The accuracy of these numbers is admitted by Dr. Wol- 
Jaston. But Vauquelin has‘ stated, that it is composed of 
46 acid and 54 base. 
nn er tl Ee : ——— ey ee ee eae 


* Contributions, 1. 377. 
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Art. 6.—Sulphate of Lime. 


I. The sulphate of lime is formed, by adding to the car- 
bonate a sufficient quantity of sulphuric acid; and by gently’ 
calcining the residue, to expel the redundancy of the latter 
acid. It is also found native, in great abundance, under the — 
names of gypsum, plaster of Paris, &c. ) 

II. It has the following properties: 

_ 1, It is insipid and free from smell. 

2. It is difficultly soluble, requiring 500 times its weight 
of cold water, or 450 of hot water. 

_ 3. It is fusible by a moderate heat. When sulphate of 
lime, which has been dried at 160° Fahrenheit, is exposed 
to a low red-heat, it loses 22 (according to Berzelius, and 
Bucholz 21) per cent. of its weight, consisting entirely of 
water. After calcination, it absorbs water rapidly, and. 
‘forms a good cement. : 

4. It is decomposed by carbonates of alkali, a double ex- 
change of principles ensuing. Hence the milkiness which 
ensues on adding carbonate of potash to many spring waters ; 
the carbonate of lime, which is generated, being less soluble 
than the sulphate. Hence, also, hard waters, which always 
contain sulphate of lime in solution, curdle soap, the alkali 
of which is detached by the sulphuric acid, and the oil is set 
at liberty. 

5. It is decomposed by ignition with charcoal, which 
separates the oxygen of the sulphuric acid, and leaves a com- 
bination of lime with sulphur. 

By dissolving 100 grains of calcined sulphate of lime in 
boiling distilled water, and adding muriate of barytes, I ob- 
tained a precipitate, which, Cee well washed, dried, and 

- calcined in a low red-heat, weighed 175.9. Hence 100 
parts of calcined sulphate of lime must contain very nearly 


Acid. Base. 
According to the above experiment....59.,...41 
Thomson and Berzelius ..58.....42 
Klaproth) 226 22o2 2A 57.63 . 42.37 


Dalton fo Sin ws. fa eea £58,600 41,4 ‘ 
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It consists, therefore, of an atom of lime united with aD 
atom of acid. 


Art. 7.—Sulphate of Magnesia. 

I. When highly concentrated sulphuric acid is suddenly 
added to fresh prepared and pure magnesia, very great heat 
and vapour are excited, and are accompanied frequently 
with an extrication of light. This appearance was first ob- 
served by Westrumb. | 

II. If the carbonate of magnesia be added to diluted sul- 
phuric acid, the carbonic acid is expelled, and a solution of 
sulphate of magnesia is formed, which crystallizes on cool- 
ing. Crystals of sulphate of magnesia may also be procured 
in the shops, under the name of Epsom salt. 

III. These crystals have the following properties : 

_ 1. They have the form of small quadrangular prisms, sur- 
mounted by quadrangular pyramids with dihedral summits. 
They undergo no change by exposure to the atmosphere.» 

2. At the temperature of 60°, this salt is soluble in an equal 

weight of cold water, and in three fourths its weight of boil-. 
ing water, which thus receives an addition of one fourth of 
its bulk. 
3. When exposed to a low red-heat, it undergoes the wa- 
_ tery fusion, but is not volatilized. — It loses, however, about 
one half its weight, which is water of crystallization, and, 
according to Berzelius, a very minute portion of acid. 

4 One hundred grains of sulphate of magnesia, deprived, 
by calcination in a low red-heat of its water of crystallization, 
-afforded me 200 grains of sulphate of barytes when precipi- 
tated by the muriate of the latter earth. Hence 100 grains 
of dry sulphate of magnesia are composed of 67 acid and 33 
magnesia, and the crystallized salt, supposing it to contain 
half its pe of water, will consist in 100 parts of ‘ 

50 water, 
33.5 sulphuric acid, 
16.5 magnesia. 

iE nisi from 100 grains of desiccated sulphate of mag- 

nesia, obtained 194.3 of sulphate of barytes. Hencethe dry 
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salt consists of 65.1 acid and 34.9 earth, and its atomic con- 
stitution is one atom of earth + one atom of acid. x; 

5. Its solution is precipitated by carbonates of potash and 
of soda; but not by carbonate of ammonia, unless heat is ap- 
plied. The carvonate of magnesia of the shops is prepared 
by mixing together concentrated and hot solutions of carbo- 
nate of potash and sulphate of magnesia. The sulphate of 
potash, thus formed, is removed by copious washing with 
water, and the carbonate of magnesia is then dried: The 
proportions employed are filtered solutions of 4 parts of 
the crystallized sulphate, and 3 of the sub-carbonate. One 
hundred parts of the desiccated sulphate g give about 71 ofsub- 
carbonate of magnesia, or about 31.6 of the pure earth. 

6. When a dilute solution of carbonate of soda is mixed 
with a dilute solution of sulphate of magnesia, and the sub- 
carbonate which is formed, if any, is separated by filtration, 
crystals of carbonate of magnesia, after some time, shoot in 

the liquid, containing a larger proportion of water, but no 
more carbonic acid than the common carbonate, sce chap. x. 
sect. 4. When solution of pure ammonia is added to that 
of sulphate of magnesia, part of the earth is precipitated. | 
The rest remains in solution, and, by evaporation, a triple - 
salt is formed, consisting of sulphuric acid, magnesia, and 
ammonia, and called ammoniaco-magnesian sulphate. 


Arr. 8.—Sulphate of Alumine. 


The properties of this salt may be exhibited by those of 
the common alum of commerce; though, as will afterwards 
appear, alum is not merely a combination of this earth with | 
sulphuric acid ; but is a triple salt, composed either of sul- 
phuric acid, alumine, and potash; or of sulphuric acid, alu- 
mine, and ammonia. It has the following characters. 

(a) It has a sweetish astringent taste. Its specific gravity 
is 1.71. 

(L) It dissolves in water, five parts of which, at 60°, take _ 
up one of the salt, but hot water dissolves about three fourths 
of its weight. : 

4, 
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+(e) This solution reddens vegetable blue colours ; which 
‘proves the acid to be in excess. — 

- (d) When mixed with a solution of carbonate of potash, 
if ‘an effervescence i is produced by the uncombined acid, which 
. also prevents the first portions of alkali, that are added to 
" asolution of sulphate of alumine, from occasioning a pre- 
cipitate. 

(e) On a farther addition of alkali, the alumine is preci- 


' _ pitated. 


(f) Sulphate of te when heated, sivells up, loses its 
2 regular form, and becomes a dry spongy mass ; but, accord- 
ing to Vauquelin *, * the whole of its acid cannot thus be eX- 
| pelled. 

. ., (g) The combination of sulphutic acid with alumine i is in- 
capable of crystallizing without an admixture of sulphate of 
potash, which forms a constituent of all the alum of com-_ 
‘merce. According to Vauquelin, 100 parts consist of 49 
_ ary sulphate of alumine, 7 sulphate of potash, and 14 water. 
Or 100 grains are composed of 


SUACH a's ap.aBQsiPea anvinns debe x uesae BMS ot con 
Alumine...10.50..... ae katana . 10.86. 
Potash ..’. .10.40........ > Pao wiki ke 9.81 ~~ 
Water . (ales oo re oe Niue Ate: 

100.00 + °.,-100 ¢ .. 99.90 §. » 


The acid in Vauquelin’s estimate, is evidently rated too 
low; for alum, when precipitated by muriate of barytes, gives, 
as nearly as possible, an equal weight ‘of sulphate of barytes, 
100 grains of which contain 33.5 of sulphuric acid, the quan- 
tity, therefore, present in 100 parts of alum. oe sepeig to 
: Berzelius, alum is composed of 


Sulphate of alumine...... 22 2 96.85 
———— potash . .2 Pt? AaTIsSrLs 
Water. ....0. hs Peewee MAS. 
| : 100. 
. & : * edie de Chimes XEXVii. 91. + Vauquelin. t Dalton, 


-§ Berielius. In this there is a deficiency of 0.4 Per cent. 
VOL. I. Z 
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The oxygen of the potash being represented by 1, Berze- 
Jius finds that the oxygen of the alumine will be as 3; that 
of the sulphuric acid as 12; and that: of the water as 24. The 
‘salt consists, according to Mr. Dalton, of one atom of sul- 
phate of potash, four atoms of sulphate of alumine, and. 30 
-atoms of water. ‘The alumine, he contends, does not exist 
in the state of super-sulphate, but of a saturated sulphate, 2 
-salt, composed of | 


Meme Pea Pe ebe, 99.934 
Acid e@osece e@eoeerecacees ‘70.066 
100. 


A neutral sulphate was obtained by Berzelius, by the fol- 
Jowing process. He decomposed alum by ammonia; washed 
*the precipitate, and redissolved it in sulphuric acid. To the 
Jiquor, after evaporation, he added alcohol, which threw 
-down a sulphate nearly neutral, and rendered perfectly so, 
by being washed with further portions of alcohol. 
(h) elu is decomposed by charcoal, which combines 
with the oxygen of the sulphuric acid, and leaves the sul- 
phur attached to the alumine. A combination of alumine, 
sulphur, and charcoal, forms the pyrophorus of Homberg. To 
prepare this, equal parts of powdered alum and brown sugar 
are melted over the fire, and are kept stirring till reduced to 
dryness. ‘The mixture, when cold, is to-be finely powdered, 
and introduced into a common phial, coated with clay, to 
which a glass tube, open at each end, is to be luted, to allow 
the escape of the gases that are produced. The phial must 
-then be set in the fire, surrounded by sand, in a crucible. 
Gas will issue from the open end of the tube, and may be in- 
flamed by alighted paper. “When this ceases to, escape, the 
crucible may be removed from the fire, anda little moist clay 
pressed down upon the open end of the tube, to prevent the 
access of air to the contents of the phial... When cold, the 
tube may be removed, and a cork substituted in its place. 
The principal difficulty in the process, is to stop it precisely 
at the period, when the pyrophorus is formed ; for if the ie 
be continued longer, the preparation v will be spoiled. 


F 


onus F 
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The pyrophorus thus formed is a black and light powder, 
which instantly takes fire when poured out of the bottle into 
the air, and inflames suddenly in oxygen gas. Sulphate of 
potash appears to be essential to its production, and hence 
the sulphuret of potash is a necessary ingredient. From the 
recent discoveries of Mr. Davy, it appear$ not improbable 
that this pyrophorus may contain sulphuret of potassium. 
The principal part of the phenomena, however, are owing 
to the combustion of an extremely light ane finely divided 
charcoal. 


Arr. 9.—Sulphate of Glucine. - 
Glucine combines readily with sulphuric acid, both in its 
, napand carbonated state. The resulting salt is extremely 
soluble; insomuch that, when evaporated, it: assumes the 
form of a syrup, without crystallizing. Its taste is sweet, 
and rather astringent. It is decomposed entirely in a high 
temperature, the earth being left in a state of purity. . It is 
also destroyed by ignition with charcoal. It does not yield 
its earthy ingredient to any of the acids; but is decomposed 
by all the alkalis and earths, alumine excepted, 


Ant. 10.—Sulphaie of Zircon. 


To effect the combination of zircon with any acid, thts 
earth should be fresh precipitated ; for, after being dried, it 
enters with difficulty into union. 

The salt, resulting from the union of sulphuric acid with 
zircon, is white, insoluble, and without taste. It is decom- 
posed by a high temperature, which expels the acid; and 
leaves the zircon pure. Itis not changed by other acids, 
but yields its PRR acid to the alkalis, and to most of the 
earths, . | 


Art 11 car of Yitria. 
~ Sulphuric acid readily dissolves yttria, and caloric is, 
evolyed during the process. As the solution goes on, the 
stilphate crystallizes in small brilliant grains, Which have a 
aweetish taste, but less marked than that of the sulphate of 
. a 
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glucine. - Thar colour is ‘a light amethyst red. They re- 
‘quire 50 parts of water, of the temperature of 60°, for solu- 
tion, atid give up their acid when exposed to a high tempe- 
rature.’ They are decomposed by oxalic acid, prussiate of 
rai at yoo of fea and iegireg’ ofisoda. | 


‘SECTION V. 
Sulphites. yi’ 


1. Tre ‘cotnbination of sulphurous acid with ‘alkaline and 
earthy bases, may be effected by passing the gas, as it pro- 
teeds from the materials (sect. 2, A), through the base, dis- 
solved or diffused in'water. An intertiediate vessel may be 
placed, as represented, fig. 30 and 31, to condense any sul- 
phuric acid that may pass over; and the solution of the 
alkali or earth may be contained in a bottle with two necks. 
Pure potash, soda, or animonia, are readily kept in solution : 
but barytes of strontites nrust be dissolved in boiling water ; 
and the bottle containing them must be surrounded with hot 
water, while the gas is transmitted through the solution. 
The solution, when saturated with gas, may be: evaporated ;'. 
and this is best done in an alembic, covered with its ‘capital, 
because the salts of this class are changed by the action of 
the atmosphere. 

“TL. The sulphites have no peculiarly interesting fies 
ties, that ‘can éntitle them to minute and specific deseription, 
in a work devoted solely to the students of chemical science. 
F shall enumerate, ‘therefore, only the principal ones; and 
refer, for farther information, to the 2d and 24th volumes of 
the Annales de Chimie, and to Dr. ‘Thomson’s memoir in 
Nicholson’s. Journal, wi. 94. Their general qualities are the 
following ; i 

is ier have. a ‘disagreeable taste and smell, resembling 
the ‘fumes. of b burning malt shure, hire 5 : 

2: When heated, weet emit. “sulphurous uss and eee 
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and then alee which, on the application ofian hone 
substance, takes fire, and burns violently. 

3. Exposed to the atmosphere, in a state of solution, or 
moistened with water, they absorb. oxygen, and are slowly 
converted into sulphates, without undergoing any change in 
their state of neutralization. : 

4, When added to nitric acid, red fumes arise, and the 
salts become sulphates. Oxy-muriatic acid produces the 
same effect. Concentrated sulphuric acid expels sulphu- 
rous acid gas, which may be collected over mercury. 

5. When sulphuretted hydrogen gas is passed through a 
solution of the sulphites, they combine with an additional 
quantity of sulphur, and form sulphuretted sulphites. Or 
when sulphur is boiled with the sulphites in solution, sul- 
phur is taken up, and sulphurous acid escapes *. 

6. When perfectly pure, sulphites are not precipitated by 
a solution of pure barytes or strontites, or by any of the 
salts with base of either of those earths. If a precipitation 
ensue, it indicates the presence of a portion of sulphate. 

SunpuirE or Pporasu crystallizes in the form of tength- 
ened rhomboidal plates, or of needles, which have some- ‘ 
times a slight yellowish tinge. It has a pungent and sul- 
phurous taste, and is soluble in an equal weight of cold, or 
in less than an equal weight of boiling water. At the tem- 
perature of 300° Fahr enligits it. loses only about 2 per cent; 
but when more strongly heated, the salt is decomposed, and 
sustains a loss of about 22 per cent, of which 15 are sulphu- 
rous acid, 5 sulphur, and 2 water. When thrown into a 
red-hot crucible, a blue flame arises from it, and its weight 
is diminished in the proportion which has just been stated. 
When this solution is exposed to the air, the salt slowly at- 
tracts oxygen, and is converted into sulphate of potash. This 
change goes on more rapidly in oxygen gas; or when it is 
mixed with any substance holding oxygen in loose combi- 


. ~ v4 E ce NL CC CELE, 


* Gay Lussne; 85 85 Ann. de Chim. 199. 
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falter: as nitric or oxymuriatic acid. It contains, in 100 
parts, from Dr. Thomson’s experiments, — | 

43.5 acid 

54.5 potash 

2 water 
100 
SuLPHITE of sopa forms compressed tetrahedral prisms 

with dihedral summits. It requires for solution less than 


its own weight of boiling water, or four times its weight of __ 


cold water. It effloresces in the air, but much less perfectly 
than the sulphate of soda. It is composed, according to Dr. 
Thomson, of | : 

31 acid 

18 soda 

51 water 


eee 


100 


SULPHITE OF AMMONIA crystallizes in hexahedral prisms 
terminated by pyramids with the same number of sides, or 
in rhomboidal prisms with trihedral summits. It is soluble in 
an equal weight of cold water, or in less than an equal weight 
of boiling water. It deliquiates in the atmosphere, and Ae 
sorbing oxygen is changed into sulphate of ammonia, which 
becomes dry. 

SULPHITE OF BARYTES, like the salt formed by uniting 
the same base with sulphuric acid, is almost insoluble. When 
united with an excess of sulphurous acid, however, (which 
may be done by dissolving the white powder, that is first 
formed, in liquid sulphurous acid,) it forms a crystallizable 
Pani still of sparing solubility, consisting of 


Base. » 69.74 

sire pamela oo » 28.84 

Water ...... 1.42 ‘ 
100. 


The solution of this salt may be advantageously used to 
purify the solution of any sulphite from sulphuric acid, 
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which it precipitates in the state of an insoluble sulphate of 
barytes. ) 
_ SULPHITE OF LIME is also insoluble, but may be crystal- 
lized by being first dissolved in liquid sulphurous acid. -In 
this state it requires 800 parts of water for solution. 
SULPHITE OF MAGNESIA differs from the sulphate of this _ 
earth in being vastly less soluble in water, of which it re- 
quires 20 parts at the common temperature. Hot water 
takes up’a farther portion, which is deposited on cooling. 
SULPHITE OF ALUMINE is not crystallizable, but has the 
form of a white soft powder, insoluble in water, but soluble 
in an excess of acid. It consists, according to Dr. Thom- 
son, of. 
32 acid 
44 alumine 
24 water 


GaSe 


100 


SECTION VI. 


Binary Compounds of Sulphur.—ist, With Alkalis.— 
2d, With Hydrogen. 


ART. 1.—Sulphurets. 


I. Tue combination of sulphur, with the fixed alkalis 
and earths, may be formed by fusing together, in a covered 
crucible, equal parts of sulphur and the respective alkali or 
earth with which it is to be combined. ‘The compound is 
to be poured, when in a state of fusion, into an iron dish, 
‘or upon a smooth stone; and preserved in a well closed 
bottle. 'The compounds have, for the most part, a reddish 
brown or liver colour; and hence were formerly called he- 
pars or livers of sulphur. They may be formed, also, by 
fusing the alkaline or earthy sulphates with powdered char- 
coal; but in this case, the sulphuret generally contains a 
portion of carbonic acid, and also of charcoal. 
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 Sulphuret of lime, when intended for the purpose of 
Canton’s phosphorus, is best prepared, by placing, in acru-~ 
cible, alternate-strata of calcined and pounded oyster-shells 
and sulphur; exposing them to a moderate heat; and then 
confining them in a bottle with a ground stopper. Or, acs 
cording to the original directions of Canton, three parts of 
oyster-shells, calcined for about an hour and pulverised, are 
to be mixed with one of sulphur, and rammed tightly intoa 
crucible, which is to he kept red-hot: for about an hours 
The compound, when cold, has the prcpericn —— ase. 
signed to the Bolognian phosphorus. 

IL. Sulphurets have the following properties : 

(2) Ina moist state they emit an offensive smell, and. 
have a disagreeable taste. 

(L) They change to green the colour of violets, in the safne 
manner as uncombined al«alis, 

(c) They blacken the skin, silk, and other animal sub- 
stances. 

(d) They are decomposed by all acids. Into a Nooth’s 
machine put a weak solution of sulphuret of alkali, and 
pass through it streams of carbonic acid gas. In the course 
of afew days, the sulphur will be precipitated, and a car- 
bonate. of. alkali will be obtained. This decomposition en- 
sues, instantly, on adding, to a solution of sulphuret of 
potash, any of the stronger acids, as the sulphuric, nitric, 
or muriatic; and we obtain a compound of the alkali with 
the respective acid employed. } 

(e) The liquid sulphurets absorb oxygen gas. This may 
he shown by the experuinents. already seat rget (chap. v.). 
If the change thus effected be examined,, it will be found 
thatthe oxygen has combined with the sulphur, and formed 
sulphurous acid, which, uniting with the alkali, has. com- 
posed the sulphite of potash. 

(f). If dilute muriatic acid be poured on the scliifion of 
sulphuret of potash or soda, a violent effervescence will ~ 
ensue, and a very offensive. gas be disengaged. This gas 
may be collected over water. It is termed sulphuretted 
hydrogen gas. ; | 
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Ant. 2.—Sulphuretted Hydrogen fire : 

- This gas may be procured: | 4 | 

1. By the action of diluted sulphuric ibid’ on sol gininet 
of iron, prepared in the following manner. © A bar of iron 
is to be heated toa white or welikeg heat in a smith’s forge, 
and, in this state, is to be rubbed with a roll of sulphur. 
The metal and sulphur unite, and form a liquid compound, 
which falls down in:drops. ‘These soon congeal ; and the 
compound must be preserved in a well closed phial. : 

2. The sulphuret, prepared by melting iron filings with - 
sulphur in a crucible, does not answer the purpose equally 
well, because the gas, which it affords, is mixed with a 
good deal of hydrogen gas. So, also, is the sulphuretted 
pee produced by heating sulphur in hydrogen gas. 

. The sulphuret of potash, if prepared: by boiling 
eis of sulphur with liquid potash, quite free from car- 
bonic acid, gives pure sulphuretted hydrogen, when. acted 
upon by diluted sulphuric or muriatic acid. 

If. Its properties are the following: 

(a) Its smell is extremely offensive resembling that of 
putrefying eggs | 
(b) It is Vathindeiabhie aud burns either silently or with 
an explosion, according as it is previously mixed, or nots 
with oxygen gas or stnwesphdriv air. During this com- 
bustion, water results from the union of the hydrogen with 
the oxygen, and sulphuric and sulphurous acids Eben that 
of the oxygen and sulphur. ‘Two measures require three 
of oxygen gas, one measure of which saturates the hydro- 

gen, and two the sulphur. 

When three parts of sulphuretted Re are mingled 
with two of nitrous gas, the mixture, on being sami 
burns with a yellowish green flame. | | 

(c) It tarnishes silver, mercury, and other polidhaa me~ 
tals, and instantly blackens white paint. 

(d) It is absorbed by water, which takes up its own bulk, 
or according to Gay Lussac, three times its bulk of the gas ; 
but in order to obtain so considerable an absorption, the 
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gas, submitted to experiment, should be perfectly pure. 
Water thus saturated acquires the peculiar smell of the gas. 
It is this gas which gives to the Harrogate, and some other 
natural waters, their disagreeable odour. Liquid muriatic 
acid absorbs at least three times its volume; and sulphuric 
acid, diluted with an equal weight of water, once and a 
half its volume. . 

(e) Water, saturated with this gas, reddens the thfuston 
of violets, in. this. respect producing the effect of an acid. 
From this and other properties, some of the German che- 
mists have proposed ior it the name of hydrothionic acid. 

-(f) Water impregnated with sulphuretted hydrogen, 
when exposed to the atmospher e, becomes covered with a 
pellicle of sulphur. Sulphur is even deposited when the. 
water is kept in well-closed_ bottles. tt 

(g). On the addition of a few drops of nitric or nitrous 
acid to the watery solution, sulphur is instantly precipitated. 
In this case the oxygen of the acid combines with the hy- 
drogen of the gas, and the sulphur is separated. 

(h) This gas, as will afterwards appear, is decomposed 
by mixture with oxyrmuriatic acid gas; and sulphur is pre- 
cipitated. 

(z) It is decomposed also when kept in a state of mixture 
with atmospheric air, the oxygen of which combines with 
the pelea) ik and forms water, while the sulphur is preci- 
pitated. _ 

(k) A succession of electric explosions thine down sul- 
phur from it, and the volume of the gas remains unaltered. » 

(2) When six measures of sulphuretted hydrogen gas ° 
and. five measures of sulphurous acid gas are mingled to- 
gether, the hydrogen of the former unites with the oxygen 
of the latter, and the sulphur of both is precipitated. But five 
measures of sulphurous acid contain twice the oxygen ne- 
cessary for saturating six measures of sulphuretted hydro- 
gen. Hence it is uibhahla. that he aioe is separated 
in the state of an oxide. 

(m)_ It is decomposed when passed over ibnited charcoal, 
and is converted into carburetted thydlupirel gas. 

6 
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“(x) Sulphuretted hydrogen, both in the state of a gas. 
and of watery impregnation, precipitates all metallic solu. 
tions, excepting those of iron, nickel, cobalt, mangaheve, 
titanium, and molybdena. 

(0) It is copiously absorbed by alkalis, and by all the 
earths, excepting alumine and zircon. ‘These alkaline and 
earthy combinations are termed hydro- sulphurets. 

(p) When potassium or sodium is made to act on sul- 
phuretted hydrogen gas, a brilliant combustion takes place ; 
a quantity of hydrogen gas is evolved, precisely equivalent 
to that which the metal would have separated from water ; 
the metal loses its lustre, and becomes greyish, or amber 
coloured, or reddish ; and by the action of diluted muriatic 
acid, the whole of the sulphuretted hydrogen is recovered. 
This experiment proves, that sulphuretted hydrogen, and 
consequently sulphur, contain no oxygen; for, in that 
case, the potassium would not, after being acted on by 
the gas, evolve the original quantity of sulphuretted hydro- 
gen. All that appears to take place is, the combination of | 
the metal with sulphur, and the formation of a sulphuret 
of potassium or sodium, which disengages from water ex- 
actly as much hydrogen, as would have been evolved by the 
metal in its separate state. “he results of Sir H. Davy, 
which are somewhat different, are satisfactorily explained 
by Gay Lussac and Thenard *, 

(g) The specific gravity of sulphuretted hydrogen gas 
has been variously stated. Mr. Kirwan found 100 cubic 
inches, at 60° Fahrenheit, and 30 inches barometer, to 
weigh 34.286 grains, which makes its specific gravity 1.124. 
Sir H. Davy states the weight of the same quantity at 36.5 
grains, and its specific gravity, therefore, at 1.180. Gay 
Lussac and Thenard determined its specific gravity to be 
1.1912; and 100 cubic inches should, therefore, weigh 
36.33 grains. 

_ (r) Admitting the aecuracy of Sir H. Davy’s statement 
of its specific ‘ravi ond also that 100 cubic inches of 
é 
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the gas contain- exactly. the same volume of. hyplnagen 
(=, 2.27 grains), then 36.5 grains of sulphuretted, hydro- 
gen. will contain 2.27 grains of salsinet ; and 100 eae 
will consist of 
. Sulphur.... 93.8, 
Hydrogen... 6.2 


teed 


— 100. 


From these data, which agree very nearly with those of 
Berzelius *, the weight of the atom of sulphur may be 
stated at 15; for as 6.2 to 93.8 so is 1 to 15 very nearly. 
The weight of this atom, therefore, turns out to be the 
same, whether investigated - its combinations with ig 
or with nie drogen. 


Art. 3.— Hy pindohial piled 


In its union with alkaline and earthy bases, sulphuretted 
hydrogen seems to perform, in a great measure, the func- 
tions of an acid; and presents, therefore, an important ex- 
ception to the doctrine of acidification; for, in this instance, 
a body, which contains no oxygen, possesses some of the - 
most important characters of an acid, viz. the property of 
changing vegetable blues to red, and of uniting with alkalis. 

£ The hydro sulpHite ets may be formed, by transmitting 
sulphuretted hydrogen gas, as it issues from the materials 
thet afford it, through a solution of the alkaline or earthy 
base. Or the base, a Katt insoluble, must be kept suspended 
in water by mechanical agitation. 

tf.’ Fhe Fy aNNSHGE ets have several qualities common 
tothe whole genus. 

-¥. They are all soluble in water, ae te recent solution 
is colourless. By exposure to the air, however, it first be- 
comes green, or greenish yellow, and deposits sulphur on the » 
sides of the aT The glass bottle, containing the solution, 
becomes black on its inner surface, a gga of the 


ee 
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combination of sulphur with the oxide of lead ‘contained in 
the glass. 

~ 2. The ‘solution of hydro-sulphuret of magnesia is de- | 
composed by heat; that of lime nearly so; but those of 
potash and soda, though rendered much more alkaline by 
heat, still contain a large tes hain of sulphuretted hy- 
drogen: 

3. After long exposure to the athouphiore, the solution 
entirely loses its colour, and again becomes perfectly limpid. 
When examined, it is found to-consist of a combination of 
sulphuric acid with the peculiar base of the hydro-sulphu- 
ret. This is owing to the:absofption of oxygen, which all 
hydro-sulphurets take fromthe atmosphere; the formation 
ofa sulphite; and the conversion of this, by farther oxy- 
genation, into a suphate. Hence, when confined in con- 
tact with a limited quantity of atmospherieal air, hydro- 
sulphurets effect a diminution of volume; and may be 
employed to ascertain its proportion of ota They 
arey absorb pure oxygen gas. 

4, When a hydro-sulphuret, fully charged with gas, is 
heated with sulphur, a strong effervescence ensues; much 
of the sulphur is dissolved; and sulphuretted hydrogen 
escapes. If the hydro-sulphuret is not fully saturated, sul- 
phur is still dissolved, but without any escape of gps 
retted hydrogen. 

'5. When an acid is pouredon any of the hiydte-dbphies 
rets, the sulphuretted hydrogen gas is disengaged and ne 
sulphur is deposited. This non-precipitation of sulphur 
distinguishes hydro-sulphurets, both from sulphurets and _ 
hydrooguretted sulphurets. The acid employed should be 
_one which strongly retains its oxygen, such as the sulphuric 
or muriatic; otherwise it ‘will be decomposed. A hydro- 
sulphuret, which has been a few days exposed to the air, _ 
yields, by this treatment, sulphurous acid gas, along with 
sitlphuretted hydrogen. 

6, The solutions of hydro-sulphurets precipitate all me- 
tallic solutions. They so precipitate alumine and zircon 
from their solutions, es other earths. 


350 HYDRO-SULPHURETS: CHAP, XI. 


. 7. The hydro-sulphurets are, for the most part, mets | 
tible of a regularly crystallized form. 

Hypro-suLPHURET oF poTasH forms large crartipagent . 
crystals not unlike in size those of sulphate of soda, but 
having the shape of four-sided prisms, acuminated with 
four planes ; or of six-sided prisms, acuminated by six planes. 
It is deliquescent, and affords 2 thick syrupy liquor, which 
gives a green colour to the skin. It dissolves readily in 
water and alcohol, producing cold. When dilute acids are 
added to the solution, a brisk effervescence is excited, but 
no sulphur is deposited. 

HypDRO-SULPHURET OF SODA Is a compound, which is 
rives some importance from its being produced along with 
carbonate of soda, in several processes for decomposing the 
sulphate of soda*. It is transparent at first, colourless, 
and crystallized in four-sided prisms accuminated by four 
planes. It has an acrid and alkaline taste, which soon be- 
comes very bitter. Its solution is colourless, but tinges the 
skin or paper green. It effervesces briskly with acids, and 
no sulphur is deposited unless the nitric or oxymuriatic acids 
are added, which oxidate the hydrogen, and throw down 
sulphur. 

Vauquelin has proposed to distinguish these two ayes 
rets, which so closely resemble each other, by the following 
test. The hydro-sulphuret of potash, when added to a so- 
lution of sulphate of alumine, occasions a crystallization of — 
alum: but that of soda has no such action. . 

HypRo-suLPHURET OF AMMONIA may be formed by, the 
direct mixture of sulphuretted hydrogen and ammoniacal 
gases in a dry vessel, cooled externally by ice. It is depo- 
sited in needle-shaped.crystals. But, for all practical uses, 
it is better prepared, by putting a solution of pure ammonia 
into the middle vessel of a Nooth’s machine, and passing 
through. it streams of sulphuretted hydrogen gas, till the 
‘Liquid as a a yellowish colour. In. this state it consti- 
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tutes the hepatized ammonia, so strongly recommended by 
Dr. Rollo as a remedy of diabetes. 

Hypr0-sULPHURETS OF BARYTES AND STRONTITES are 
crystallized salts, having a white silky lustre, and readily 
soluble in water *. 

_ Hypro-suipuurer or Lime, formed by transmitting sul- 
phuretted hydrogen through water, in which lime is kept 
mechanically suspended, composes a crystallizable salt, so- 
luble in water; and having the general properties of iw 
sulphurets. 


ART. 4, —Super-Sulplaretied iy awouels and Fh ydrogurettd 
Sulphurets. 

Super-sulphuretted hydrogen is obtained, hits dirt 
fa liensen of potash is poured, by little and little, into mu- 
riatic acid. A very small portion only of gas escapes; and 
while the greater part of the sulphur separates, one portion 
of it combines with the sulphuretted hydrogen; assumes 
the appearance of an oil; and is deposited at the bottom of 
the vessel. Or, dissolve sulphur in a boiling solution of 
pure potash ; and into a pbial, containing about 4 its capa~ 
city of muriatic acid, of the specific gravity 1.07, pour 
about an equal bulk of the liquid hepar. Cork the phial, 
and shake it; the hydroguretted sulphur gradually settles 
to the bottom in the form of a brown, viscid, semifluid 
mass. Its properties are the following: s 

1. If gently heated, sulphuretted hydrogen gas exhales 
an it; the super-sulphuret loses its fluidity; and a residue 
is left, consisting merely of sulphur. | 

2. It combines with alkalis and earths; and forms with 
them a class of substances called hydroguretted sulphurets. - 

3. It is constituted, according to Mr. Dalton, of two 
atoms of sulphur, weighing 30, with one atom of hydro- 
gen, and consists, therefore, per cent, of | 

See Sulphur Wiles ahve OBB 
Elydipgemeies’ mia tsl28.25 
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"There are, henifate;: three lita combinations of sul- 
phur and its compounds with alkalis and earths, The first 
consist, simply, ‘of sulphar, united with an alkaline or 
earthy buse, and are properly called sulphurets. ‘The second 
‘are composed | of sulphuretted hydrogen, united with a base, 
and are called hyd o-sulphurets. The third contain super- 
sulphuretted hydrogen, attached toa Mycad and constitute 
yotediak elted sulphurets. ; 

‘The sulphuwrets can exist, ‘as such, only in a dry state ; ; 

for the moment they begin to dissolve in water, a decom- 
position of that fluid commences; sulphuretted hydrogen 
is formed; and this, uniting with an additional proportion 
of sulphur, composes eogcidiient hed hydrogen. This 
last, aimiting with the base, forms an hydroguretted sul- 
phuret.. The sulphurets, therefore, are partly changed, 
by solution, into hydroguretted sulphurets. ‘The solution, 
however, still contains so large a proportion of sulphur, 
that we may consider it as oan ioaedl in -part, of liquid 
sulphuret.. Hence the affusion of an acid. throws down a - 
large quantity of sulphur. A distinguishing character, also, 
of solutions of this kind, is that sulphur is precipitated by 
passing through them sulphuretted hydrogen gas. 
., According to Proust, if red oxide ef mercury be added 
to solutions of the kind which have just been described, the 
sulphuretted hydrogen is removed, and what remains is a 
pure liquid sulphuret, from which acids precipitate avlphur 
only, without any effervescence. 

Hi. The hydroguretted sulphurets are also formed: by 
boiling, along with a sufficient quantity of water, the alka- 
line, or earthy base, with flowers of sulphur. ‘Thus a solu- 
tion of pure potash, pure sofa, or of barytes or strontites, 
may be changed into an hydroguretted sulphuret.. To pre- 
pare this compound, with base of lime, the powdered earth, 
mixed with sulphur, may be boiled with a proper quantity 
of water, and the solution filtered or cleared by subsidence. 
One hundred. grains of lime dissolve about 45 of sulphur, ! 
and afford a liquid of 1.020 specific gravity. 

The hyde sulpharet: of ammonia (which base 
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cannot,’ in strictness, owing to its liquid form, compose a 
true sulphuret) may'be prepared. as follows: Mix together, 
in a mortar, three parts of hydrat of lime, one part of 
muriate of ammonia, ‘and one of flowers of sulphur. In- 
troduce the mixture into a retort, and apply a receivers 
Begin the distillation withia gentle heat. The first liquor, 
that comes over (long known under the name of Boyle’s 
FPuming: Liquor), has alight yellow tinge, and emits fumes ; 
the second has a deeper colour, and is not fuming. When 
the latter begins to appear, the fire may be raised. 

- Another Fatathoel of forming, by a very simple process, 
the hydroguretted sulphurets, consists in digesting, in a 
gentle heat, a hydro-sulphuret with powdered sulphur, an 
additional portion of which is thus dissolved, while part of 
the sulphuretted hydrogen escapes. 

Hydroguretted Sp rararis have the dsiioging pro= 
_ perties : . 

1. They have a deep greenish-yellow colour; an acrid 

and intensely bitter taste; and an excessively offensive smell. 
9, They deposit sulphur when kept in close vessels; be- 
come much more tranparent and lighter coloured; and 
less offensive to the smell. 

3. They rapidly absorb oxygen from the atmosphere, 
and from oxygen gas. Hence their ss eee in eudi- | 
ometry *. 

“4. On the addition of dilute sulphuric, or muriatic, or 
of certain other acids, they are decomposed. Sulphuretted 
hydrogen gas is evolved, and sulphur is precipitated. 

HypRroGURETTED SULPHURETS OF POTASH AND OF SODA 
differ very little from each other. They may be formed by 
boiling solutions of pure potash or soda with flowers of sul- 
phur. When very concentrated, they have a deep reddish 
brown colour, a nauseous taste, a disagreeable odour, and_ 
a soapy feel, tinging the cuticle black. When exposed to 
the air, a thin pellicle of sulphur forms upon their solu-— 
tions, which, by sufficiently long’ exposure, are changed 


* See chap.v. sect, 4. 
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-into sulphates. When an acid is suddenly added, sulphur: 
is thrown down, which becomes,, when washed with, suffi- 
-cient-water and dried, almost white, and constitutes what 
-has been called precipitated a milk of rr or 
-magistery of sulphur., : » edu he 
_ « HyprocuretTep. SULPHURED. OF AMMONIA may’ ‘be 
formed by the process already described, or by. digesting 
-hydro-sulphuret of ammonia with ace a poh ok 
which is dissolved. : awoloa 

HyproGuRETTED SULPHURET OF BARYTES is: ‘china 
by boiling crystals of pure barytes with one fourth their 
weight. of sulphur and. sufficient water. .‘T'wo compounds 
are formed, vzz.. an hydroguretted sulphuret, which has a 
_ red colour and remains in solution ; and colourless crystals, 
which are supposed to be a hydro-sulphuret of, Hany eets 
Stroritites forms similay, compounds. nt 

HypRoGURETTED SULPHURET OF LIME is foned be hel 
ing hydrate of lime with.a third its weight of sulphur and 
ten times its weight of water. The compound has a, deep 
orange colour, and, is, of lmnbertanep irom its, nevaivadn 
to eudiometrical purposes. - ) 


Sulphuret of Carbon, or Alcohol of Sulphur 


There has been much controversy respecting the. nature 
‘of this compound ; and several contradictory statements 
have been. given of its composition. It, was. discovered by 
Lampadius in 17 96, and was considered by him. as consist- 
ing of sulphur and hydrogen. Clement and. Desormes 
were led, by their researches, to deny the presence of the 
latter element ;, and to conclude that it is a compound of 
_ sulphur and charcoal. This inference was afterwards con<. 
troverted. by Vauquelin and by Berthollet, jun. ; but it has | 
been proved correct, by the recent and able investigations 
- of Drs. Berzelius and Marcet *. saat thetic} 
To. prepare this. substance, a coated earthen. tube, of 
about one inch, and a half in diameter, partly filled with 


ee 
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small. pieces of: charcoal, may be disposed in.a furnace 
as represented -fig. 40; cc, one end being placed higher 
‘than the other. To this end may be adapted :4 glass tube, 
open at both ends, containing small. bits of sulphur: andj 
to the other end, by means of an adopter, is to be fixed a 
curved tube, passed into water contained in a two-necked 
bottle.’ The part of the tube, containing the charcoal, 
may then be made red-hot ; and, when this happens, the 
bits of sulphur are to be pushed forwards, one by one, by 
means of a wire, carefully excluding air. As soon as the 
sulphur comes into contact with the charcoal, bubbles of 
gas will be produced in great abundance, and a vapoiir. will 
appear, which will condense, under the water in the bottle, 
into a liquid, of which, in the course of a day, about half 
a pint may be procured. This liquid may be purified by 
redistilling it at a very gentle heat, not exceeding 100° or 
110° Fahrenheit; and some dry muriate of lime may: be 
put into the retort; in order to obtain the fluid perfectly 
free from water. The liquid which comes over is quite 
peer’ some’sulphur remains in the retort. - 

‘The alcohol of sulphur has the following properties: 

1. Itis eminently transparent, and. perfectly colourless. 
Sometimes, immediately after distillation, the oily liquid 
appears a little opake and milky; but the next day it is 
found to have become completely limpid.\ It has an acrid, 
pungent, and somewhat aromatic taste; its smell is naus 
seous and fetid, though differing from that of sulphuretted 
hydrogen. 

2. Its specific’ ‘gravity is 1 272% its refractive. power, as 
ascertained by Dr. Wollaston, is 1.645." Its expansive force 
(at 30 inches barometer, and 534° Fahrenheit) is equal to the 
pressure of 7.36 inches of mercury; so that air, to which 
it is admitted, will dilate about one fourth of its volume. 
It boils briskly under the common atmospheric pressure, at 
a temperature of 105° or 110° Fahrenheit.» It,does not.eon- 
geal, at 2 temperature as low as 60° below 0 ofi Fahrenheit. 
') Sclt is highly inflammable, and takes fire, at a temper 

Z2a2Z 


$56. SULPHURET OF CARBON. CHAP. XIl¢ 


rature: scarcely exceeding that at which mercury boils. ... Its 
flame: is blueish, and it emits copious fumes of sulphurous 
acid.’ If along glass tube, open at’ both ends, be: held. 
over. the flame, care being taken to keep the tube quite 
cool, no moisture whatever is deposited on its inner ssi a 
a psufficient proof of the absence of hydrogen. 

4. The oily liquid readily dissolves in alcohol and ar iat 
dietots not in all proportions, and these solutions are de- 
composed. by the addition of water.: It readily incorpo- 
rates» with: fixed and volatile. oils, and) repay dissolves 
‘camphor. It is not:soluble in water... > tydalie 

5. In its liquid state, it suffers no change on nile heated 
with potassium ; but potassium, when heated in its vapour, 
becomes ignited, and emits a reddish flame. The residue, 
when washed with sna affords sulphone of | een and 
charcoal. : 

6. It does not fast mete or its amalgams, nor silvers 
unless it contain more apna than is essential to its con- 
stitution. 

7. The alkalis disaldve it entirely, but very atone Of 
the acids, none exert any sensible action on it, but the 
nitromuriatic and liquid. CAT, iatic acids, which occasion 
its decomposition. 

_ By am ingenious and ell sipanhondl series of cupesis 
ments, Drs. Berzelius and Marcet determined, that the 
alcohol of sulphur. contains no, hydrogen; but that it is a 
true SULPHURET oF CARBON, composed of | 


Sulphur ,.......84,83.. or ..100. 
Carbon hig. ho Stale hice Lo ee 


100. ° cap ppegg it, 


. "Ther above-mentioned. numbers establish the proportion 
of. the elements of this compound to . two atoms “hgog eg 
phur: to one of carbon. | . 

» The'sulphuret of carbon -was fontick thc Beraélint to’ ve! 
capable of-uniting with alkaline and earthy bases, and. of 
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forming compounds which may be called Carbo-Sulphurets. 
But their properties, and the proportion of their elements, 
require further investigation. ' 

In a subsequent memoir in the same volume of the Philo- 
sophical Transactions, Dr. Marcet describes the extraor- 
dinary power of alcohol of sulphur, in producing cold. 
‘The bulb of a thermometer being covered with fine lint, 
and moistened with a few drops of the liquor, the mercury 
siks rapidly from 60° to 0, and under the exhausted re- 
ceiver of an air-pump, from + 70°, to 70° or ever 80° 
below 0, 80 that she this pore mercury may readily be 
ethane 
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COMBINATION OF NITROGEN WITH OXYGEN, CONSTITUTING 
NITRIC ACID,— NITROUS GAS,—NITROUS | OXIDE;—AND 
_ COMPOUNDS OF NITRIC ACID WITH ALKALIS. 


WHEN nitrogen and oxygen gases are mingled doveshian 


in whatsoever proportions they are employed, no combina- 


tion ensues. The result is a simple mixture of the two 


gases, which do not, like inelastic fluids, separate on stand- 
jng, but remain diffused through each other for an indefinite 


length of time. This is the case with the air of our atmos- - 


phere; and it is fortunate that such a provision of nature 
exists, since the atmosphere contains the elements of several 
- combinations which, if actually formed, would be fatal to 
animal and vegetable life. When, however, either one or 
- both of these elements, in any mixture of the two, is in a 
condensed state, or deprived of part of that caloric which 
keeps the particles of all gases at a distance from each other, 
they unite and form sempuknae distinguished by very 
striking properties. According to the proportions in which 
the oxygen and nitrogen exist in these compounds, their 
qualities undergo a remeekable variation, so that from two 
elementary bodies, variously united, we have several com- 
pounds, totally unlike each other in external qualities, as 
well as in their chemical relations. 

Before describing the compounds of oxygen and nite 
in detail, it will contribute to perspicuity to take a general 
view of the whole. Some of them exist essentially in an 
aériform state, and are capable of uniting with water and 
other liquids in only small proportion. Others, again, com- 
bine with water to such an extent, that the liquid form is 


the only one, under which they occur to our observation. 


‘When entirely deprived of water, however, ay are all 
gaseous bodies. — 
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In a series of the compounds of nitrogen, founded on their 
proportion of oxygen, they occupy (excluding atmospherical 
air from the number) the following order, the last contain- 
ing the largest proportion of oxygen—nitrous oxide—nitric 
oxide or nitrous gas—nitrous acid or nitrous vapour—and 
nitric acid. The two first are sparingly soluble in water ; 
but. the two last unite with it largely, and form liquid com- 
pounds of decidedly acid taste and quality. 

The following Table exhibits the composition of three of 
these bodies, the calculation being founded on the Clg 
ments of Sir H. Davy, publishea 4 in his ‘ Researches,” 
Oxygen gas is assumed to weigh 33.8 grains, and nitrogen, 
29. 5 for 100 cubical inches. 


Proportion of Proportion by 
Elements by Weight. Measure. 
Nitrogen. Oxygen. Nitra, gas, Ox. gas. 
Nitrous Oxide sintea 06) 6S1905686290) Ov eia o 100K) 50.68 
gas aoane . 44, 05 55. 95 es eee 100. ; 110. 


Nitric. acd are iis aeere 29.50%: FOO «ah sivs cu LOO 208260 


From _a comparison of the third and fourth columns. of 
the foregoing Table, it is obvious, that in nitrous oxide, the 
nitrogen is, in volumes, very nearly double the oxygen; that 
in nitrous gas, the two elements exist in almost equal vo- 
lumes; and that in nitric acid, the oxygen is a little more 
than twice the volume of the nitrogen. These coincidences, 
and others of the same kind, are the foundation of the 
theory advanced by Gay Lussac; viz. that compounds, whose 
elements are gaseous, are constituted either of equal volumes 
of those elements ; or, that if one of the elements exceeds thé 
other, the excess is by some simple mudtiple of its volume. 
That the proportions of hitrogen and oxygen by measure 
do not, in the foregoing instances, exactly conform to this 
law, Gay Lussac imputes to unavoidable inaccuracies, at- 
tendant on all delicate processes’ for determining the con- 
stitution of gaseous bodies. In one instance, this was proved 
experimentally for M. Berard, by the combustion of potas- 
sium in 100 measures of nitrous gas, obtained exactly 50 
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meacures of nitrogen. Hence, if the table were corrected . 
to coincide with the views of Gay Lussac, it would ‘stand’ 


as follows: bis » hs A 


<M caverns of 100 Grains contain | 


jek bie 4 hw ee he 

Nitrogen. Oxygen. Nitrogen. Oxygen. — 
Nitrous oxide consists of | 100 50....-63.58 36.42 ~ 
Gas Ue len 100 | 100....:46.60 53.40 x 
Nitric acid..........-- 100. .200.....30.40 69.60 


To. these compounds, Gay Lussac has added a fourth, _ 
which he calls nitrous acid vapour, consisting of three volumes ___ 
of nitrous gas, and one volume of oxygen gas. ‘These are - 
equivalent to 14 volumes of nitrogen and 24 volumes of 
oxygen; or 100 parts by weight of nitrous acid vapour 
consist of ss Mee 

Niteogansosiees bandh Dimwowes S100, Jen cae. DABS 
Oxygen et. 00 6 G55) 0... e. 190. 2. .e0s 1Okbes 


eee ep 


100. | D902 i HPI 


The existence, however, of this compound, is not coinci- 
dent with the law of definite proportions; for the oxygen, 
assigned to it, is not a multiplication of that in nitrous oxide, 
by any entire number, as will appear from the following 
Table. The numbers express the proportional weights, as 
inferred from the volumes of Gay Lussac. ie 

| a A ee. In Weight. 


Ca ae 1 
| . Ni itrogen. Oxygen. 
Nitrous oxide is composed of ........ 100... 57 | 
gas ———_—____— ......e. 100 .. 114 
‘acid vapour —————- ........- 100 .. 190 
miei acid ———~————— ........ 100 .. 228 


a hitrons gas, the oxygen is a multiple by 2 of that in 
nitrous oxide; and, in nitric acid, by 4; but the law fails 
with respect to nitrous acid vapour. The constitution of 
nitric acid also does not agree with that deduced (as will 
appear in the next section) by Dr. Wollaston and Sir H. 
Davy, according to whem nitric acid is composed of 100. 

3 


4 
Ban. 
Lovey 
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nitrogen and 285 oxygen by weight, the last: —_ being 
a multiplication of 57, (the oxygen in nitrous oxide) by 5. 
In all these compounds, the elements are in a state of 
condensation, except in nitrous gas, in which the nitrogen 
and oxygen, according to Gay Lussac, are precisely in the 
the same state of density, as in nitrogen and. oxygen 
gases. . With respect to the other compounds, the con- - 
traction, he apprehends, is exactly equal to the bulk of the 
oxygen gas. For example, as 100 measures of nitrogen gas 
and: 50 measures of oxygen gas form 100 of nitrous oxide, 
the condensation is 50 measures: On the same principle 
100 measures of nitrogen gas and 200 of oxygen gas area 
stitute 100 of nitric Seid eas. 


Mr. Dalton, in his “* New System of Chennical Philosophy,” 


has given the following Table of the. Compounds of nitro~ 


gen and oxygen, which differs essentially from that of Gay 
Lussacs 


| Weight Aiomene 100 by Weight | 100 by Measure | 
—_—_— of an | Nitra ate D contain _., contain. 


Atom Nitrn, Oxn, Nitra, Ox, 
Nitrous gas. 12,1 re | A2.1 + 57.9 A8. + 56.6 
Nitrous oxide. 17.2 214 1 59.3 + 40.7 99.1 + 58.3 
Nitric acid. 19.1 1+2 26.7 + 13.3 30. + 70, 
Oxynitric do, 26,1 e+ 8 he 19.5 + 80.5 22.1 + T7.9 
Nitrous acid. 31.2 2+ 3 32.7 + 67.3 36.2 + 63.8 


The proportions, by weight and volume, of the ingredients 
of the nitrous compounds, calculated from the fourth co- 
Jumn of the foregoing ‘Table, and reduced to a common 
standard, are as follow: 

In Weight. In Volume. 
Nitrogen. Oxygen. Nitrogen. Oxygen. 
INItrOUS OXIGE \. +60 +s 200... 68.6 vam. 100. 60 


——- gas ee kes cag ale Too, ah.» LOU. 120 

xcid POOR Ge yOS  -20G5. 1. 100. “182 
Nitric acid: ........-. 100. © 274.5.%..100. © 240 
Oxynitric DCIA ete th b's SOLO Hi B.y ed. 1008: 360 


; eter : 5 at . 
From an examination of the numbers in the last Tabie, 
it will appear that the oxygen, in nitrous gas, is very nearly, 


i 
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both in weight and volume, a niultiple of that:in nitrous: 
oxide by 2; in nitrous acid by 3; in nitric acid by 4; and. 
in oxynitric acid by 6. The last-mentioned compound, 
however, Mr. Dalton has never obtained in a separate form; 
and its existence may be opnsidereg ‘as not seineieasi 
established. | ; 

' On-the whole, it appears, that the viel Me nitro+ 
gen and oxygen require further investigation, to reconcile 
the discordant statements of philosophers, on a. subject, 
respecting which certainty appears to be by no means 
unattainable. 


SECTION I. 
Nitric Acid. 


1. Tue direct combination of nitrogen and oxygen, af- 
fording a decisive synthetic proof of the nature of this acid, 
may be effected by passing electric sparks through a mixture 
of nitrogen and oxygen gases. ‘The experiment is an ex- 
tremely laborious one, and requires, for its performance, a 
powerful electrical machine; but those who are disposed to 
repeat it, may proceed as follows : a vag 

-Let the tube, fig. 84 ¢, be filled with, and inverted i In 
mercury. Pass into it a portion of atmospherical air, or 
an artificial mixture of nitrogen and oxygen gases, in the 
proportion of one of the former to two of the latter.—Let. 
an iron wire, lengthened out with one of platina, be intro- 
duced within the tube, so that the latter metal only may be 
in contact. with the mixed-gases; and let the end of this 
wire be distant about one fourth of an inch from the ex+ 
tremity of the upper conducting one. When the apparatus 
is thus disposed, pass a series of electric sparks or shocks 
through the gases for several hours. The mixture will be 
diminished in bulk; will redden litmus-paper when. en- 
closed in it; and will exhibit distinctly the smell of nitrous 
acid. If the experiment be repeated, with the addition of 
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4 few drops of solution of potash, in contact with the gases, 

we shall obtain a combination of nitric acid with potash. 

. This interesting experiment on the generation of nitric 
acid we owe to Mr. Cavendish, who discovered the fact in 

the: year 1785*. .The proportions, which he found to be 

necessary for mutual saturation, were five parts of oxygen 

gas and three of common air, or seven parts pf oxygen gas 

to three of nitrogen gas. No evolution either of light or 

heat attends be combination, which is very a one 


gradually effected. 
Another synthetic proof of the ah He of nitric ead 


will be stated under the article nitrous gas. It is furnished 
by the generation of nitrous gas, and ultimately of nitric 
acid, when ammonia is brought into contact with the black 
oxide of manganese. | 

For all purposes of utility 0 or experiment, however, nitric 
acid is prepared in a different manner, viz. by the decom- 
position of nitrate of potash, in a way which will be de- 
scribed in the section on that salt. : 

II. The analysis of the nitric acid By be obifiined : ‘by: 
driving its vapour through a red-hot porcelain tube (fig. 40, 
gel bra receiving the generated gases, which prove to be a 
mixture of nitrous acid, oxygen, and nitrogen gases. 

WII. The nitric acid has the following properties: 

(a) It is heavier than water, in the proportion of 1.5 or 
upwards to 1. Proust obtained it as high as 1.62; and the 
specific gravity of real nitric acid, which cannot, however; 
be obtained, may be calculated at 1,75. 

In its heaviest form, it still contains a portion of water, 
which is essential to its existence in a liquid state, and 
without which its elements would separate from each other. 
In acid of the sp. gr. 1.50, it amounts, calculating from the 
data furnished by Dr. A taht to 25.11 grains in 100 
grains of acid. 

Pure nitric acid may he considered as a gaseous bonis of 
the specific gravity, compared with common air, of 2440: 

. ‘  * Philosophical Transactions, lxxv. 


364 ‘NITRIC’ ACID. CHAP. XI1t. 


one hundred cubic inches at 55° Fahrenheit and under’ 30 
inches pressure, weigh, according to Sir H. Davy, 76 grains; ; 
or corrected to the temperature of 60° F ahrenheit, they 
weigh 75.21 grains. The liquid’ acid (termed’ by Davy 
hydro-nitric acid) consists of this gas ‘condensed by water; 
of which it contains various proportions. “We have not, 
however, at present, documents sufficient for the construction 
_ of an accurate Table of the quantities of real nitric acid in 
acids of different densities.’ According to Sir H. Davy, the 
strongest acid (sp. gr. 1.55) contains 14.4 parts of water in 
100; raat acid of sp. gr. 1.42 contains 25.2 of water in 100 *. 
The Table published by Mr. Dalton + that philosopher has 
since found reason to believe to be inaccurate; but on the 
following results, which he has been so good as to commu- 
nicate to me, he thinks full reliance may be places 


‘Table of the quantity of reat Acid i in Nitric We o 
| different densities. 


Partsof Parts of |Acid per ct.) Acid per ct. Specific 

Acid. Water. | by weight. | bymeasure, ‘| | Gravity. 
45 + 58 84.9 bd tes or ted ee ye 
45° 16 78.89 CONTE? 1.557)" 
45 + 24 65.2. 96.4 — 1.48 +o 
45 + 82.1. 58.4 SA ti 1.44. 
AB GAO ed WB 8e tee TdT la) ea 
45 + 48 | 48.4 67.2. 1.39 | 
45 + 56 44.5 60.5 1.36 
45. pb 6441.8 OP 5B 1.340 | 
45 + 180 20. 22.8): 1.142. 


(1) Pure gaseous nitric atid, according to the experiments 
of Sir H. Davy, published in the year 1800, is composed in 
100 grains, of 291 azote, and 701 oxygen. Thisapproximation 
differs but little from the proportions deducible from the 
synthetic. experiments of Cavendish, viz.'27.8- nitrogen to 
72:2 whack din seta results of Sir H. oe, piah — | 


Chet + Blements; 265." joi Nevis System,p. 355: 
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him, however, to believe, that 4 in volume of nitrous gas 
and 2. of oxygen: gas, when condensed in water, absorb. 1 in 
volume of oxygen, to become nitric acid... Now, estimating 
the oxygen gas, existing in nitrous gas, at one halfits volume, 
and taking the ‘specific gravities of oxygen and nitrogen 
gases at ‘the numbers aiready given, 100 parts be weg of 
nitric acid will consist of | | 


Oxygen eoone ene ee @8 74.13 i scl 286. 
ont eeioue aeeeesen 25.87 e@eeeee 100. — 


ee 


100-5 2; 286. 


AAs 


valent of nitric acid, Dr. Wollaston was led to inquire ‘into 
the composition’ of that acid; and, from his own experi- 
ments and those of Richter, he infers the oxygen, which 
nitric acid contains, to be by weight tothe nitrogen, as 50 
‘to 17.54. Hence nitric adid, as it exists in nitre, will be 
eomposed, by weight of — 


Oxygen ....e1es5+ 7403 22.52. 100. oe 26. 285. 
Nassar le siabhd Aith she ote dala a onde mat CSS us «eam OOs 


100. Mapa Stoo Tg aie 


By an easy calculation, it will be found that the nitrogen, 
in 100 grains of nitric acid thus constituted, is equtat 1 in vo- 
lume to 88 cubic inches, and the oxygen to 219. ' But as 
88 to 219, so is 100 to 249; and on this view of the nitric 
acid, it is composed of 1 volume of nitrogen’ and 91 of oxy- 
gen, which agrees with the result of Sir H. Davy. » These 
proportions are favourable to the opinion, that nitric acid 
consists of two atoms of oxygen to one of nitrogen; for as 
_ 45 t0 25, so is 15 (twice 7.5) to 5, the number aeady de- 
duced from the analysis of ammonia, as representing the 
weight of the atom of nitrogen. It must be acknowledged, 
that there is some uncertainty respecting the weight ‘of the 
atom of that element. Dr. Wollaston deduces its equivalent 
{oxygen being 10) to be 17.54; and hence the atom of ni- 
trogen will bear to that of oxygen the proportion of 13.13 
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to 7.53 and nitric acid, according to this view, will consist 
of 5 atoms of oxygen = 37:5, and 1 atom of nitrogen: 
== 13.15; and its atom will weigh 50.20. Farther investi- 
gation must determine, which of these views is most con- 
formable. tortruthyy 90 iy ouivany) sitiogga ved: goiaiak ban 

.(e) Hydro-nitric acid is piaefebtn Jinupid and cloule 
eid emits white fumes, when exposed to the air, | . 

(d) It gives a yellow stain to the skin. 

(e) It boils at 248° F ahrenheit, and may be distilled over, 
without any essential change. This, however, is true only 
of acid of the specific aré¥ity 1.42; for an acid, weaker 
than this, is strengthened by being boiled; while an acid, 
stronger than 1.42, becomes weaker by boiling. All the 
varieties of nitric ae therefore, are brought, Be pusicienk 
boiling, to the specific gravity 1.42. 

(f) Hydro-nitric acid may be frozen by the application 
of asufficiently low temperature. Like sulphuric acid, there 
is a certain point of density, at which it most readily con- | 
geals. Mr. Cavendish has described this, not by its specific 
gravity, but by the quantity of marble which. it is capable 
of dissolving. When it takes up ‘ctfsths of its weight, in 
which case its specific gravity is 1.3, the acid freezes at 2° 
below 0 Fahrenheit. When considerably stronger and ca- 

pable of dissolving -3,51,ths, it required cooling to — 41:6; 


1000 


and whien so much diluted as to take up pay iafcths, it did 


10a 6° 
not congeal till cooled to — 40.3 *. rt 


(g) Girone hydro-nitric acid absorbs moisture oni, the 
atmosphere; in consequence of which it increases in weight, 
and diminishes in specific gravity. 

(kh) When two parts of the acid are sadn diluted aint 
one of water, an elevation of temperature is produced. to 
about 112° Fahrenheit. When more water is added to this 
- diluted acid, its temperature is reduced., Snow or. ice added 
to the cold dilute acid is instantly bane and an iene 
eee of cold is produced. 

Tt becomes coloured by exposure: to the sun’s light 


“weet 4 soit olt * Philosophical Transactions 1788... ak Hew 7 
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passing first-to a. straw colour, and then toa deep orange. 
This effect is produced by the union of the light of the sun 
with oxygen, in consequence of which the proportion of the 
acidifying principle to the. Staiger is diminished, 

By exposing it to the sun’s rays in a gas bottle, the bent 
tube of which terminates-under water, oxygen gas may be 
procured. 

(k) This acid retains its oxygen bith but little force. — 
Hence it is decomposed by all combustible bodies, which are 
oxygenized by it, with more or less rapidity in rs aR 
to:their affinity for oxygen. 

1. When brought into contact with hydrogen gas at a 
high temperature, by transmitting them through an ignited 
porcelain tube, a violent detonation ensues, . This. experi- 
ment, therefore, requires great caution. . 2. Poured on per- 
fectly dry and powdered charcoal, it excites the combustion 
of the charcoal, which becomes red-hot, and emits an im- 
mense quantity of fumes. 3, It also inflames essential oils 
(as those of turpentine and cloves), when suddenly poured 
on them. In these experiments, the acid should be poured 
out of a bottle, tied to the end of a long stick; otherwise the 

_operator’s face and eyes may be severely injured. 4. Nitric 
acid is decomposed, by boiling it in contact with sulphur, 
which attracts the oxygen, and forms sulphuric acid. 

(2) The hydro-nitric acid is also decomposed by. metals ; ; 

- as iron, tin, zinc, copper, &c., and with different phenomena, 
according to the affinity of each metal for oxygen. _ This 
may be seen, by pouring some strong nitric acid on iron 
filings, or powdered tin. The acid must be of greater den- 
sity than 1.48, otherwise it will not produce the effect. 
Violent heat, attended with red fumes, will be preeneed and 
the metals will be oxydized. 
(m) If the action of metals on nitric a he more mode- 

. rately conducted, a new product is obtained in a gaseous 
state. Dilute some nitric acid of commerce with 6 or 8 

parts of water, and dissolve, in this, some turnings of copper, 

or a portion of quicksilver, applying a gentle heat. —This 

must be done in a gas bottle, and the product, received over 
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water, is nitrous gas, or nitric oxide. "Mr. Dalton recom- 
mends acid, of density 1.2 or 1.3, to be poured on filings of 
copper, without any other heat than that, which the action 
of the acid and metal on each other occasions. =e 


SECTION IL. 
Nitrous Gas, or nitric Oxide. 


Tue properties of this gas, procured in the manner dé- 
scribed at the close of the last section, are the following: 

(a) It is permanent over water; but it is absorbed in the 
proportion of about 1 volume to 18 or 20 water, when agi- 
tated with water which has been recently boiled, and ees 
become cold. This solution, according to La Gr ange * » 18 
converted, by long keeping, into nitrate of ammonia, in 
consequence of the Hacdinbdsitttin of the water. 

Nitrous gas is rather heavier than common air. 100 cubic 
inches at 55°, barometer 30°, were stated by Sir H. Davy 
in 1800, to weigh 34.26, or at 60°F ahrenheit 33.80 grains. 
He now, Hower gives the weight of 100 cubic inches at 
$2 grains, and hence its specific gravity is 1050. ' 

(b) When well washed with water, it isnot acid. It will 
be found not to redden the colour of litmus. This may be 
shown by introducing a piece of paper, tinged with that sub- 
stance, into a jar of nitrous gas, standing inverted over 
water. To accomplish this, the paper should be fastened to 
the end of a glass rod or a piece of stick, The cpio i“ 
remain ican bed ui 

(c) It Batis nitahes flame, and is fatal to animals. © Hom- 
berg’ S pyrophorus, however, is inflamed by it; and charcoal 
and phosphorus, introduced into 1t when in a state of actual 
combustion, continue to burn vehemently. 2 | 

(d) Mingeled with hy drogen gas, it imparts a green colour 
to its flatiie, It does not, howe explode wnt hydrogen 
nn A ti 

* Voli. page 134," 43% * OO Saul ta, 
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imany proportion, nor-with any of the varieties of carburetted 
hydrogen. But, when mixed with ammonia, an electric 
spark produces a detonation, as I have shown in the Philo- 
sophical ‘Transactions for 1809. ‘The proportions:required 
for mutual saturation are about 120 measures of nitrous gas 
to 100 of ammonia. , 

(e) When mixed with oxygen gas, Rai iano arise} heat 
is evolved; a diminution takes place; and if the two gases 
bein proper proportion, and perfectly pure, they disappear 
entirely. Nitrous acid, at the same time, is regenerated. 
_Ten measures of oxygen, Mr. Dalton asserts, may be made 
to condense any quantity of nitrous gas, between 13 and 36 
measures, accordingly as the mixture is conducted. ; 

(f) The same appearances ensue, less remarkably, with 
atmospheric air; and the diminution is proportionate to the 
quantity of oxygen gas which it contains. On this property, 
of its condensing oxygen, but no other gas, is founded the 
application of nitrous gas to the purpose of eudiometry, or of 
ascertaining the eect of air. .. The sources of error, in its 
employment in this mode, have hitherto been considered 
such, as to forbid our relying implicitly on the results which 
it may afford. Learning, howeyer, from Mr. Dalton, that. 
he constantly employs nitrous gas in determining the purity 
of air, and with perfect satisfaction as to the accuracy of 
his results, I have obtained from him the following commu- 
nication. It may be necessary to premise, that for applying 
nitrous gas to this purpose, ‘two tubes will be found conve- 
nient, shaped like fig. 24; each from three to four tenths of 
an inch in diameters eight or nine inches long, exclusive of 
the funnel-shaped part; and accurately graduated into mi- 
nute aliquot parts. What these parts are, is of no conse- 
quence. Hundredth parts of a cubical inch give rather too 
large divisions of the scale; but if each of these be divided 
into two, the scale will be sufficiently small. If the tube 
employed be not long enough to comprise 100 of these parts, 
the experiment may be made on 50 parts only of atmosphe- 
rical air; and the results, ecamte a 2, will give. the. 
proportion in 100 parts, 

VOL. I. 2B 
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“To use nitrous gas accurately iu eudiometry, it is only 

« yequisite to take both gases in a dilute state, namely, con+ 
** taining four or five times their bulk of azotic gas (which 
‘¢ atmospheric air naturally does), or of any other gas not 
** acted upon by nitrous or oxygen gases. In this case, ifan | 
** excess of one gas be used, the other is, in & few minutes, 
‘ entirely taken up, and ina constant proportion ; whatso- 
** ever may be the form of the vessel, or the manner of mix- 
‘‘ ing the gases. ‘The proportion is 1 of oxygen to 1.7 of 
nitrous, so that 10-27ths of the diminution over water are 
* oxygen, and 17-27ths nitrous gas. It is proper, as soon 
** as the greater part of the diminution has ensued, to transfer 
‘* the mixture through water into a graduated vessel, without 
© using any agitation. 

«¢ If pure nitrous gas be admitted to pure oxygen gas ina 

‘¢ narrow eudiometer tube, so that the oxygen gas is upper- 

*‘ most, the two unite very nearly in the same uniform pro- 

portion as above. If, on the other hand, the nitrous be: 
“ the upper gas, a much less quantity of it disappears, viz. 

‘* 1.94 nitrous toone oxygen. If undiluted nitrous gas be 
** admitted to pure oxygen gas in a wide vessel over water, the 

‘“‘ whole effect takes place immediately ; and one measure of 
_ oxygen will condense 3.4 nitrous gas. 

“To render this rule more intelligible, an example may 
‘“‘ be necessary. Let 100 measures of common air be ad- 
‘* mitted to 100 measures of a mixture of nitrous gas, with an 
** equal volume of azotic or hydrogen gas. Afterstanding a few 
*© minutes in the eudiometer, there will befound 144 measures. 
** The loss 56 being divided by the common divisor, 2:7, 
*¢ gives 21 a for the ones gas “pea in 100 measures 
** of common air,’ 

To these directions I may add, that when abhi 
air is the subject of experiment, it is scarcely necessary to 
dilute the nitrous gas, with any other gas, previously'to its 
use. Ifa number of experiments be made, it will be pro- 
per; in all cases, to let the gases remain together a definite 
time (say 10 minutes) before noting the diminution; and ¥ 
is needless to transfer them into another vessel. If the 

s 7 
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mixed gas, under examination, contain much more oxygen, 
than is present in atmospherical air, then it is proper to di-+ 
lute the nitrous gas with an equal bulk of hydrogen gas; 
‘and, in this case, the narrower the tube, in which the experi- 
ment is made, the more accurate will be the result. 
Subsequent experience has convinced me that the method, 
proposed by Mr. Dalton, though sufficiently correct, when 
applied to a mixture of the same, or nearly the same, 
standard as the atmosphere, cannot be relied on when the 
proportion of oxygen is either considerably g greater or less. 
In the former case, the process gives too great a diminution, 
sometimes indeed to such an extent as to indicate more 
oxygen gas than the whole amount of what was submitted 
to experiment. When the air, on which we are operating, 
is of an inferior standard to the atmosphere, we do not learn 
its full proportion of oxygen. Notwithstanding these objec- 
tions, however, the method has considerable value, since it 
may be applied to determine the proportion of oxygen in 
some mixed gases, to which other eudiometrical tests are 
not applicable; for example, to mixtures of hydro-carburet 
and oxygen gases. 
| The application of nitrous gas to eudiometrical purposes 
it has lately been contended by Gay Lussac, is susceptible of 
perfect accuracy, provided certain precautions be observed 
which he has pointed out, and which were suggested by his 
theoretical views of the constitution of these gases. A narrow 
tube he finds to be unfit for an eudiometer, his object being 
to form nitrous acid gas, which is but slowly absorbed by 
water. Instead therefore of a tube, we must take a wide 
vessel, such .as a small tumbler glass; and to 100 parts of 
atmospheric air, previously measured, we must add at once 
100 measures of nitrous gas. A red fume will appear, 
which will soon be absorbed without agitation, and in halfa 
minute, or a minute at most, the absorption will be complete. 
Pass the residuum into a graduated tube, and it will be found, 
almost invariably, that 84 measures have disappeared. 
Dividing this number by 4, we have 21 for the quantity of 
oxygen condensed. 
2B2 
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. By a series of experiments-on mixtures of oxygen and: 
nitrogen gases in various proportions, Gay Lussac found: 
that this eudiometrical process may be depended upon, whe-. 
ther the oxygen exceed or fall short nopsifepaply of the pro-, 
portion contained in atmospherie air. 


(g) The generation of an acid, by the sonia tae of ni- 


trous gas with commmon air or oxygen gas, may be showm 


by the following experiment. Paste a slip of litmus-paper - 


within a glass jar, near the bottom; and into the jar, filled, 
with and inverted in water, admit:as much nitrous gas, pre- 
viously well washed, as will displace the water below the 


level: of the paper. ‘The colour of the litmus-will remain. 


unchanged; but, on adding atmospheric air or oxygen gas, 
it will be immediately. bedusnedt. | 

. (h) That the peculiar acid, thus produced; is the nitric, 
will appear from the following experiment. , Into a jar, 
filled with and: inverted. im mercury,’ pass a small quantity 
of a solution of pure potash ; and, afterward, measures of 
oxygen and nitrous gases, separately, and in proper propor= 
tion. . On removing the solution from ‘the: jar, exposing. it 


for some time to the atmosphere, and afterward evaporating. . 


it, crystals of nitrate of potash will be formed, a salt which 
is ascertained to be formed of potash andnitric acid.. 

(i) Nitrous gas is absorbed by. hydro-nitric acid, which, 
by this absorption, i is considerably changed in its properties. 
—Transmit the gas, as it issues te the materials that 
afford it, through colourless nitric acid. The acid will un- 
dergo successive changes of colour, till at last it will become 
orange-coloured and fuming. In this state it is called ni- 
trous acid, because it contains a less proportion of oxygen 
than the colourless nitric acid’ 


According to Dr. Priestley, 100 parts of nitric scuia of - 


the specific gravity of 14 to 10, absorb, in two days, 90 


parts by weight of nitrous gas*, . When about seven parts. . 


* Priestley on Air, 2d edition, 1. 383. In the experiment alluded to, 


cone fifth ofan ounce-measure of nitric acid absorbed 130 ounce-measures 
of nitrous gas; or more than 60 per cent by weight, There is reason,, 
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of gas have been absorbed, the:acid acquires an orange 
colour; when 18 have been absorbed, it becomes green ; 
and the whole quantity, which it is capable of condensing, 
changes it into a liquor, which emits an immense quantity 
of red fumes. The gas, thus absorbed, is mostly ee 
again on dilution with water. 

(4) The nitrous gas, thus absorbed, is expelled again by 
a gentle heat. This may be shown by gently heating the 
acid coloured in Experiment 2, till it again becomes Aeigee 
In this experiment light should be oxtlitded: 

(2) Nitrous gas is decomposed by exposure to bodies ‘iat 
attract oxygen. Thus, iron filings decompose it, and be- 
come oxydized, affording a instars! of the presence of oxygen 
in this gas. 

2 Dering this process, water, scarily and nitrous oxide, 
” the proportion of 1 volume from 2 of nitrous gas, are 
generated. Sulphuret of potash, &c., have a similar effect. 
Mixed with sulphurous acid, nitrous gas is decomposed, 
and this acid is changed into the sulphuric, but not unless 
water is present *. 

_ Bodies that have a still more powerful affinity for oxygen 
deabtetaas nitrous gas into its ultzmate elements. Charcoal 
ignited in 100 measures, gives 50 measures of nitrogen gas, 
and 50 of carbonic acid. Arsenic, zinc, or potassium, when 
heated. in it, evolve half. its volume of nitrogen. Nitrous 
~gas should consist, therefore, of ] volume of oxygen x 1. 
volume of nitrogen, neither of which elements is in a state 
of condensation. This, however, would lead to a determi-— 
nation of the weight of the atom of nitrogen, very different 
from that iedtiy! deduced from the composition of ammonia 
and of nitric acid. For if nitrous gas be constituted, as Mr. 


however, to suspect some inaccuracy in the experiment; for according 
to Sir H. Davy, 100 parts of nitric acid, after having absorbed all the 
nitrous gas which it is capable of condensing, hold only-nine or between 
nine and ten parts in combination, and Mr. Dalton could not condens 
more than 20 times its bulk, or a little more than 2 per cent by weight, 
of nitrous gas, into acid of the specific gravity, 1.3. 

* Nicholson’s Journal, xvii. 49. 
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Dalton supposes, of an atom of each of its elements, and if 
these exist in it in equal volumes, the atom of oxygen will 
be to that of nitrogen as 33.8 to 29,5 (the proportions by 
weight in nitrous gas, according to this view of its compo- 
sition) or as 7.5 to upwards of 6.5, which last number would 
denote the weight of the atom of nitrogen. There is, there- 
fore, either a defect in this part of the theory, or in the ex- 
periments on which it is founded; for the weight of the 
atom of nitrogen, investigated from its other compounds, 
appears to be nearly 5, 

(m) Nitrous gas is absorbed by the green silat and 
muriate of iron *, which do not absorb nitrogen gas. To 
ascertain, therefore, how much nitrogen gas a given quan~ 
tity of nitrous gas contains, let it be agitated in a gra- 
duated tube with one of these solutions. This information 
is necessary; previously to deducing, from its effects on at- 
mospheric air, the proportion of oxygen gas. 

From the important use which is now made by abit 
chemists of this solution of nitrous gas in eudiometry, it may 
be proper to describe the mode of its preparation. 

Dissolve as much of the green sulphate of iron in water 
as the water will take up, or dissolve iron filings in sulphuric 
acid, diluted with five or-six parts of water Staal an excess 
of the iron, in order to ensure the teed saturation of the 
acid. Fill a wide-mouthed bottle with this solution, invert 
it in a cupful of the same, and into the inverted bottle re- 
ceive the nitrous gas, as it is generated by the proper mate~ 
rials, shaking the inverted bottle frequently. The colour of 
this solution will change to black, and the production of 
gas and the agitation are to be continued, till the absorption 
can be potniisd no farther. ‘The impregnated solution should 
be preserved ii in a number of small bottles, not holding more 
than an ounce each. ‘The most commodious method of ap- 
plying this solution, is by means of Dr. Hope’ s eudiometer, 
alréady described. (Chap. v. sect. 4.) 

(n) A very interesting experiment, affording a synthetic 


* For an account of these salts, see chap; xviil, sect. 6. 
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proof of the constitution of nitrous gas; was made by the - 
Rey. Dr. Milner, of Cambridge *. Into an earthen tube, 
about 29 inches long and three fourths of an inch wide, 
open at both ends, put as much coarsely powdered man- 
ganese as is sufficient nearly to fill it. Let this be placed, 
horizontally, in a furnace, having two openings opposite to. 
each other (fig. 40). To one end of the earthen tube adapt 
2 retort, containing a strong solution in water of pure am- 
monia, and to the other.a bent glass tube, which may ter- 
minate in a two-necked empty bottle. To the other neck 
_of the bottle, lute a glass tube, bent so as to convey any 
gas that may be produced, under the shelf of the pneumatic 
trough. Leta fire be kindled in the furnace; and, when 
the manganese may be supposed to be red-hot, drive over it 
the vapour of the ammonia. The alkali will be decomposed; 
its hydrogen, uniting with, part of the oxygen which is 
combined with the manganese, will form water; while: its 
nitrogen, uniting with another portion of the oxygen, will 
constitute nitrous gas. The gas, thus generated, may be 
collected by the usual apparatus. | 

(0) Another fact, showing the mutual relation of ammo- 
nia and of the compounds of nitrogen, was discovered some 
years ago by Mr. Wm. Higgins +. Moisten some powdered. 
tin (which is sold under this name by the druggists) with 
strong nitric acid; and, when the red fumes have ceased to 
arise, add some quick-lime or solution of pure potash. A 
strong smell of ammonia will be immediately produced. 

In this experiment, the tin, at the same instant, attracts 
the oxygen both of the nitric acid and of the water. Hy- 
drogen and nitrogen are consequently set at liberty; and, 
before they have assumed the gaseous state, these two bases 
combine, and constitute ammonia. The ammonia, thus 
generated, unites with a portion of undecomposed nitric 
acid; and is disengaged from this combination by potash 
or lime, which render it evident to the smell, > iva 


_* Philosophical Transactions, 1789. 
+ See his Comparative View of the Phlogistie and Antiphlogistic 
heories, 2d edition, page 300, note, 
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see » SECTION IT. 


Gaseous Oxide of. Nitrogen. — Nitrous Oxide of Davy. is 


YT. Tus compound, also consisting of oxygen and nitro- 
gen, ‘but in different proportions from those of nitrous gas, 
may be obtained by several processes. 

~ (a) By exposing common nitrous gas for a f9 days to 
iron filings, or to various other bodies strongly attracting 
oxygen, this gas is changed into the nitrous oxide. se 
Some nicety and experience are required to suspend the 
decomposition before it has’ gone too far; in which case 
nitrogen gas is obtained.’ ‘The sulphite of potash, being in- 
capita of decomposing nitrous oxide, is best adapted to 
the conversion of nitrous gas into that elastic fluid. The 
process, in’ all cases, may be suspended, when about two 
thirds the original bulk of the gas are left. | venue bie 
(b) By ditsaling zinc, or tin, in nitric acid, diluted with’ 
five or six times its weight of water. Zinc, during this so-' 
lution, disengages nitrous oxide till the acid begins to ex- 
hibit a brownish ‘colour, when’ the process ‘must be sus- 
pended, as nitrous gas is then formed. But by neither of 
these processes is thé gas obtained - sufficiently pure for ex-. 
hibiting its qualities.” ‘To procure it’in a state of aba 
the following process is the best adapted. | 
(c) 'To nitric acid, diluted with five or six parts of water, 
add carbonate of ammonia, till the acid is saturated. Then’ 
evaporate the solution by a gentle heat; and, to supply the © 
waste of alkali, add, occasionally, a little more of the carbo- | 
nate, ‘The salt obtained, after the solution has cooled, is 
next to be put into a glass retorts and distilled with a sand- 
heat, not: exceeding 440° Fahrenheit *. ‘The heat of an 
Argand’s lamp i is more than sufficient, and requires cautious 


o 


*~Fronr the observations of Mr. Sadler (Nicholson’s Journal, xv. 286), 
it appears. that the purity of the nitrate of ammonia is of considerable 
importanee ; and that its adulteration with muriate diminishes the quan- 
hity, and impairs the quality of the gas. 
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regulation. The salt will presently liquefy, and must be: . ei 
kept gently simmering, avoiding violent. ebullition. The 
gas may be collected over water, and allowed to stand a few 
hours before it is used, during which time it will deposit a) 
white cloud, and will become perfectly transparent. 

A gazometer is best adapted for its reception; because all 
danger is then avoided of an absorption of the water of the: 
shorn into the retort ; and because the gas is brought into 
contact with a much smaller surface of water, which has. 
the property of absorbing a considerable proportion of the 
gas. On this account, water, which has been once used to: 
confine the gas, may be kept for the same purpose. 

. The changes that take place, during the conversion of 
nitrate of ammonia into nitrous oxide, are the following : 
Nitric acid is composed of oxygen and nitrous gas; am- 
monia, of hydrogen and nitrogen... In a high temperature, | 
the nitrous gas combines with an additional dicias of nitrogen, 
‘and forms nitrous oxide; while the oxygen of. the decom- 
posed nitric acid unites with the hydrogen of the ammonia, 
and forms water. .— 

The gas, thus obtained, was andids by the ried aise of 
Dutch chemists, gaseous oxide of azote; but, for the sake 
of brevity, and as more conformable to the nomenclature of 
other compounds of nitrogen, I shall use, with Sir H. Davy,’ 
the name of:nitrous oxide *. 

In order to ascertain whether nitrous oxide be adulterated - 
with either common air or oxygen gas, we may mix equal 
measures of the gas under examination, and of nitrous gas. 
If any diminution ensue, the presence of one of these may 
be suspected; and the amount will show which of them is 
contained in it. Nitrous gas, however, is a much more 
common contamination; for it is generated, along with ni- 

. trous oxide, whenever the temperature of the salt is raised. 
too high. Its presence may be detected, either by a dimi- 


é 


* For a full account of this gas, consult. Sir H. Davy’s Rovaaivtins; 
Chemical and Philosophical. London. Johnson, 1800. 
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nution on the admixture of oxygen gas; or by am absorp- 
tion being effected, on agitating the gas with a solution of 
green sulphate of iron, which has no action on pure nitrous 
oxide. 

II. Nitrous oxide gas bis the Goileeitiae properties : e 

_(a) It is considerably heavier than common air. . At 
about 55° Fahrenheit and 30 inches pressure, 100 cubic: 
inches weigh 50.20: grains, or under the same pressure, and 
at 60° Fahrenheit 49.68. (Davy.) More recently, Sir H. 
Davy has stated 100 cubic inches to weigh between 48 and 
49 grains, and hence its specific gravity is very nearly 1.6. 

(0) A candle burns in it with a brilliant flame and crack- 
ling noise. Before its extinction, the white inner flame 
becomes surrounded, with an exterior blue one. 

(c) Phosphorus, introduced into it in a state of inflam- 
mation, burns with increased splendour. 

Phosphorus, however, may be melted and sublimed in- 
this gas, without alteration. It may even be touched with 
red-hot iron wire, without being inflamed; but when a 
wire, intensely heated, or made white-hot, is applied, the. 
phosphorus » Se or rather detonates, with prodigious 

“violence. 

(2) Sulphur, introduced into nitrous oxide when burning | 
with a feeble blue flame, is instantly extinguished; but when 
in a state of an active inflammation, it heitete with a vivid 
and beautiful rose-coloured flame. 

(e) Red-hot charceal burns in it more brilliantly than 
in the atmosphere. When the experiment is made in a 
proper apparatus, the results of its combustion are found te 
be ‘one measure of nitrogen gas and half a measure of car- 
bonic acid (equivalent to half a measure of oxygen) from 
each measure of nitrous oxide. It must, therefore, consist 
of 59 parts by weight of nitrogen $3.8 oxygen *, or it 
must contain by weight eae 


* 200 eubic inches sil nitrogen gas weigh 59 erains, and 100 of oxygen 
weigh 33.8. . 
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Oxygen issscceees 86.43 ...-L00cie% 57. 
NiCOme Ds. sis, 0 9 9 BOAT. 09 de 7 Matedyig O05 


100. i ame 157. 


But on the supposition that nitrous oxide is constituted 
of two atoms of nitrogen and. one of oxygen, this would 
_ make the weight of the atom of nitrogen = 6.73 for as 33.8 
to 59, so is 7.5 to 13,4, which last number divided by 2 
gives 6.7. Hither, therefore, this part of the theory, or 
the analysis of nitrous oxide is defective in accuracy; and 
it will be important to reconcile this, which is one of the 
few anomalies of the atomic theory, to its general prin- 
ciples, by multiplied and accurate experiments. 

(f) Iron wire burns in this gas with much the same ap- 
pearance as in oxygen gas, but for a shorter period. 

(g) Nitrous oxide is rapidly absorbed by water that has 
been previously boiled, about one thirtieth the original 
bulk of the gas remaining uncondensed. A quantity of 
gas, equal to considerably more than nine tenths the bulk 
of the water, may be thus made to disappear, This pro 
perty furnishes a good test of the purity of nitrous oxide; 
for the pure gas is almost entirely absorbed by boiled water, 
which has cooled without the access of air. The gas em- 
ployed should exceed the water three or four times in bulk, 
in order to obtain a saturated solution. 

(h) Water, that has been saturated with this gas, gives 
jt out again, unchanged, when heated. 

(i) The impregnated water does not change blue wege- 
table colours. = \ - 

(k) It has a distinctly sweet taste, and a faint, but agree- 
able, odeur. 

(1) Nitrous oxide is not diminished by admixture with 
either oxygen or nitrous gas. 

(m) A mixture of this gas with hydrogen gas detonates 
loudly, on applying a lighted taper, or passing an electric 
spark, Mey 

When the proportion of hydrogen is nearly equal to that 
of nitrous oxide, or as 39 to 40, nitrogen gas only remains 
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after the explosion ;. but when the proportion of hydrogen 
is smaller, nitric acid is also generated.. In general terms, 
it may be stated that one measure requires one measure of 
hydrogen gas, and leaves after combustion one measure of 
nitrogen. » Nitrous oxide forms, also (as I have’ shown, 
Philosophical Transactions, 1809, page 444), a combustible 
mixture with ammoniacal. gas, 100 measures of the latter 
requiring for saturation 130 measures of nitrous oxide. 
-»(n) Nitrous oxide is not absorbed by alkalis; but if it 
be brought into contact with them, when in a nascent state, 
‘or: before it has assumed the forin of a gas, it then enters 
into combination with alkaline bases. Thus, when a mix- 
ture of sulphite of potash and pure potash is exposed: to 
nitrous gas, the gas is disoxygenized by the sulphite, and 
changed into. nitrous oxide, which unites with the alkali, 
‘We obtain, therefore, a mixture of sulphate of potash with 
a compound of nitrous oxide and alkali, the former of which 
may be separated by priority of crystallization. ‘The latter 
is composed of about three parts of alkali, and one of 
nitrous oxide... It is soluble in water; has a caustic taste; 
of peculiar pungency; and converts vegetable blues to green. 
Powdered charcoal, mingled with it, and inflamed, burns 
with bright scintillations. ‘The nitrous oxide is expelled 
from fixed alkalis by all acids, even by the carbonic. ie, 

(0) Animals, when. wholly confined .in this gas, die 
speedily. | 

(p) One of the most extr Aorainiory properties of this gas 
is exhibited by its action: on the human body, when re- 
ceived into the lungs: When thus employed, it does not 
prove fatal, because, when received into the lungs, it is 
mixed and diluted with the atmospherical air present in 
that organ. ‘To administer’ the gas, it may be introduced 
into an piled silk bag or clean bladder, furnished with a 
stop-cock, and may be breathed repeatedly from the bag 
and back again, as long as it will last...The sensations 
that are produced vary greatly in persons of different con- 
stitutions; but, in general, they are highly pleasurable, and 
xesemble those attendant on the pleasant period ‘of ‘intoxis 

6 
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cation. Great exhilaration, an irresistible propensity to 
laughter, a rapid flow of vivid ideas, and an unusual fitness 
for muscular exertion; are the ordinary feelings it produces. 
‘These pleasant sensations, it must be added, are not suc= . 
ceeded, like those accompanying the grosser elevation from 
iting ld aig by any subsequent dpnee of nervous 

energy. . 


SECTION IV. 
Nitrous Acid. 


. Tv’ has been a subject of controversy whether an acid, 
entitled to this denomination, and holding the same rela- 
tion to the nitric, which the sulphurous bears to the sul- 
phuric, has really existence. That the acid, obtained from 
‘ nitre, has different states of oxygenation, and contains a less 
quantity of oxygen in proportion to the depth of its colour, 
is generally admitted. But it has been contended that we 
are to consider all these varieties as nitric acid, holding in 
combination variable proportions of nitrous gas; and the 
principal argument in favour of this theory is that the 
substance, occasioning the colour, may be separated by the 
mere application of heat. Sir H. Davy has given the fol- 
lowing table, showing the proportion of nitrous gas in ni- 
“trous acid of different colours. 


100 parts by weight contain. 


ee a a a 


? pil Lowe: far Acid. Nit. Gas. Waist 

Pale yellow.......1.502....90.5 ....1.2 ....8.3 — 
Bright ditto...... L502 88.94 yueeeeIG ; 6..8il 
Dark orange......1:480..,.86.84....5.56....7.6 
Light olive...... t LS 5 pO ON as ORD 3.5 40 G00 
Dark OLEVGTT TUT Ta eet sae ee se Tok sols oe ToD 
Bright ereen... Waid FETG se. 1846 RIG ENT aS 
Blue green. :.. +.) ANS 2 84.6'5.2'. a8o) h R740 


a 


Mere dilution with water is sufficient to vary these co- 
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lours. Thus the dark orange-coloured acid, by dilution, 
passes through the shades of blue, olive, and bright green. 
Nitrie acid, also, by absorbing nitrous gas, has its specific 
gravity diminished. Colourless acid, for example, when 
rendered of pale yellow, becomes lighter i in the proportion 
of 1.51 to 1.502. 

It has been argued by Gay es that the nitrous 
acid is as much a distinct and peculiar a compound, as any 
other of the combinations of nitrogen and oxygen. It is 
formed, he observes, whenever we mix oxygen and nitrous 
gases in such proportion, that the nitrous gas predominates, 
viz. about one measure of the former to four of the latter. 
It is of no consequence which is first added; for the re- 
‘sult is invariably a condensible red vapour, containing by 
measure one of oxygen gas, and three of nitrous gas; or 
by weight 

Nitrogen ........34.49 
Oxygen... AE REL fo BIS 


100. 


The proportions of the elements of nitrous acid gas, as 
stated by Sir H. Davy, are somewhat different from these; 
When (he observes) two measures of nitrous gas and one 
of oxygen, = 1 volume of nitrogen and 2 of oxygen, both 
freed from moisture, are mixed together in a vessel pre- 
viously exhausted of air, they are condensed into half their 
volume, and form a deep orange-coloured elastic fluidy 
which may be called nitrous acid gas. It has the following 
properties : | | 

_A taper paves in it a considerable brilliancy. Sulphur 
inflamed ‘does not burn in it; but phosphorus burns vividly. 
Charcoal continues to burn in it with a dull red light. 
Water absorbs it, and gains a tint of green. It reddens 
litmus paper, has a sour taste, a strong smell, and turns 
animal substances yellow. One hundred cubie inches, 
calculating from the condensation of its elements, must 


\ 


* Mémoires d’Arcueil, ii, 
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weigh 65.3 grains, at mean temperature and pressure, and 
it must contain in 100 grains, 


Ruueae ne a pclae} Marea SAN 
Oxygen .. 6s. ..69.68 .....2390 


“By 


100. 


In this compound, therefore, the oxgen combined with 
100 grains of nitrogen, will be as nearly as possible, a iul- 
tiplication by 4 of the oxygen in nitrous oxide (57); and 
it will complete the series of the compounds of nitrogen, the 
rest of which have been enumerated in the first section of 
this chapter. . 

To form liquid nitrous acid, nothing more is necessary 
than to saturate water with this vapour. The water becomes 
first green, then blue, and finally an orange colour more or 
less deep. The latter may be brought to the state of green 
or blue by adding more or less water. Hence the colour 
depends merely on the circumstance of density. 

Admitting the correctness of these views, it will follow 
that when nitrous gas is transmitted through nitric acid, 
the latter is Aci de-oxygenated; and the nitrous gas, 
acquiring oxygen, becomes nitrous acid. Hence the ordi- 
nary acid of nitre is a compound of nitric and nitrous acids, 
and not of nitric acid and nitrous gas *; and its colour will be 
deep in proportion to the quantity of nitrous acid which it~ 
holds in combination. Its properties, Berzelius remarks ¢, 
‘differ, also, from those of nitric acid; for while the latter 
boils at 236°, nitrous acid of the same density boils at 160°. 
The purely acid part he considers to be composed of 36.9 
nitrogen + 63.1 oxygen. With bases, it forms a class of 
salts, which, he asserts, differ entirely from those containing 
nitric acid. | 


* Dalton’s New System, p. 366. + 83 Ann. de Ch. 10. 
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SECTION V. 
Nitrates. 
Art. 1.—WNitrate of Potash. 


J. A pirEcT synthetic proof of the composition of this 


salt» may be obtained by saturating’ nitric acid with potash, 


either pure or-in a carbonated state. The solution, on 
evaporation, yields crystals of nitrate of potash, or nitre. 
For the purposes of experiment, however, the nitrate of 


potash, which .may be met. with in the shops, and which 


is an abundant product of nature, may be employed on ac- 


count of its greater cheapness. . The nitre, which is met 


with as an article of commerce, is brought to this country, 
chiefly from the East Indies... When it arrives it ‘is a very 
impure salt, containing, besides other substances, a con- 


~ siderable proportion of muriate of soda. In this. state it-is 


called rough nitre.. . For the purposes of chemistry, it re- 
quires to be purified by solution in water and re-crystalliza- 
tion; and it. then obtains the name of refined nitre or re- _ 
fined saltpetre. 

II. This salt has the following properties : 

(a) It crystallizes in prismatic octahedrons, generally 
constituting six-sided prisms, terminated by two-sided sum- 


~ mits. It contains, according to Berzelius, no water of crys- 


tallization. . ‘Thenard has determined that it consists of 


59.9 potash 
50.5 nitric acid ~ 


But as potash itself, in the driest form under which we - 
can procure it, still contaiis water, Berthollet has given the. 
following proportions as those of nitrate of potash. 


51.38 potash 
48.62 acid 


100. 
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_. These, proportions |are, nearly, antes ‘by, Berard;. who 
al it consist of 48.64 base and 51.36 acid*; and. the, 
proportions, deduced Push Dr. sine etn’ are 46. a7 base) to 
53,33 acids, ;,; . [99 rooon atl: 

(b) For hotutsost it rte aa seven times, its sodatth of 
water. at 60° of) onabeanhyins ; and boiling. water takes up: its 
own weight. . 73 Oto om «2 ge olsil a 

>. These are the ste aitsdied assigned) by Bergman; but im 
env asserts, that, at the, ordinary temperature; nitr ate 
of potash, requires only three. or, four times, its’ weight af 
water for.solution, ; and, half jits. weight of boiling water f,.. 

(c) By'the application of: a moderate, heat) it,fuses, en 
being, cast in smoulds,. forms what, is called, ‘Sal Prunelle, 
After fusion, Sir H. Davy found ata it still pinidiey waters 
when. distilled with boracic acid. ) roltted ay 
. (a), If a red-heat be applied, nitrate of trite is decom: 
posed: in; consequence of the destruction) ofits, acid. . By 
distilling it in an earthen retort, or)in/a\gun-barrel,' oxygen 
gas may. be obtained im great, abundance, one pound of nitre 
yielding about. 12,000 , cubic inches, of sufficient purity for 
common experiments, but not-for, purposes of accuracy. jj 

-_ (e), Nitrate of potash, that has been made!ted+hot,, seems 
to contain an acid less oxygenated than ,the;common, nitrie 
acid, and having a weaker affinity for alkalis., For if acetic 
acid, be poured. on nitre: that’ has been thus. treated, ‘the 
nitrous acid. is expelled. in xed, fumes; whereas common 
mite) is not at all'affected by acetic acid... ne tisha s 

', (f), Nitrate of potash. is rapidly, Sacesnahial by. dapad 
in} a, high temperature. |'This may. be shown,- by” mixing 
two parts of powdered. nitre with one of, powdered char- 
coal, and setting fire to the:mixture in an ixon, vessel ‘under 
a chimney.—The products of this, combustion, which may — 
be collected by a proper apparatus, are carbonic. acid. and 
nitrogen g oases. . Part of. the carbonic¢ .acid also ‘remains 
attached to the residuary, ee and. ed be obtained from 
at on ene a, stronger. rod tolion to vantevie odt din 


are 


* Th a de Chin 69, into aye Mane, 1st Edisindhcie 948. 
VOL, I. : fy tail Dy Cc cr tee ms it rj | : , 
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odPhis ‘residue ‘was termed, ia old aii \ clyssus of 


sale che ra“ bine J042 bap seed wy Ot — 
esigy: Nitrate of pati tinllo estshrbosel by sellp tity 
with different results pis: to the gies. mee ond. re 
portions employed. y7GR FOV OOL: Thy, Pl 
1). Mix powdered ides ‘and sulphiiy lel laine fhe ste 
ture, by a little at a time, into a red-hot crucible.’ The 
sulphur :will unite withthe oxygen ‘of ‘the ‘nitric’acid, and 
form sulphuric ‘acid ;’ which, combining’. with! the ‘potash, 
will afford”: sulphate ‘of potash.’ ‘The’ production’ ‘of ithe 
latter’ ‘salt swill be proved by dissolving the ‘mass’ rémaining 
in the erucible ‘and ° ‘crystallizing it, whet Sle il: ‘be 
obtained eenibitieg | ‘the characters: eee ik xii. 
sect. 4. 4 L 
2. Mix a satis of eubpbei vith one sinals or Lense 
its weight « ‘of nitrate» of potash ; iput: the-mixture :ihkoWe tin 
cup, and raise ‘it; ‘by’ a'proper stand (fig: 25), afew inches 
above the surface of-water, contained in-a pear ne dish. 
Set ‘fire ‘tothe mixture, and cover ‘it with'a' bell-shaped ‘tes 
eeiver. | In‘ this ‘case, -also,' sulphuric acid will be formed; 
‘but it »willnot «combine, as’ before, with the alkalfof the 
nite, which alkali is present‘in sufficient quantity to-absorb 
onlya‘patt of the acid produced.“ The greater part'of the 
acid willbe condensed on the ‘inner surface of ‘the glass 
bell, and ‘by’ the water, which’ will thus become intensely 
acid. | The operation: may’ be repeated three or four times, | 
using the same portion? of «water: When’ the: water -is 
partly expelled; by: evaporation i in a‘ glassidish, concentrated 
sulphuric’ acid’ cremains, which’ has ‘been’ (formed. by” the 
union of the oxygen of the nitre, and that of the ‘atmo- 
spherical airy with’ the ‘salphur’ submitted ‘to. experiment. 
By’a ‘process of thiskind, conducted on a ‘large scale, and 
in ‘extenisive'deaden: chambers, the sulphuric’ ‘acid-of eom- 
merce ‘isprepared. The’ dilute ‘acid, resulting from the 
‘union of “the condensed vapour’ of ‘the’ ‘burning materials, 
with the stratum of water at the bottom of ‘the:chamber, is 
first’ boiled down in part in shallow leaden vessels, and is 
then transferred ‘into'plass retorts; where it/is‘farther con 
eentrated by the continued application of heat. he 
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oJ a@amemoir of Clement andDesotmes,) published in | 
“Nicholson’s Journal, xvii) 413° it lis’ provedy that the -nitre 
idoes ‘not’ “farnish’ above! one: tenth’ part'of the oxygen,” re- 
‘quired for the ¢onversion'of sulphur) into “sulphuric acid, 
“and !'that the’ rest! of ‘the oxy gen is derived from the atme- 
‘spherical’ air of the chamber.’ ‘ Sulphurousacid, they sup- 
“pose, is in’ the first’ instance formed ‘by the! combustion: of 
‘the ‘sulphur; ‘and, atthe! same moménty nitrous) gas is 
“evolved from ‘the | de-oxy genation’ of the’ nitric acid con- 
‘tained in the saltpetre. | This nitrous gas, uniting with the 
A atmiospherie oxygen, cotriposes’ ‘milrous acid eas, whieh, when 
water is’ present, has, the property of converting sulphurous 
into’ sulphuric acid,’ and of 'retur ning , at the same time, to 
‘the state of nitrous gas: “Phe same process’ is repeated, ‘and 
‘thus the same portion of nitrous’gas ‘acts’ repeatedly’ as an 
‘intermedium between the stilphur,) ‘previously: changed _ 
; ae acid, and the atmospherie Gaygenth 170, OAK 
CAPA mixture of three: parts of powdered ’nitre, two of 
aeirbenlies of potasli; ‘or ‘common Salt’of tartar, arid otie 
‘part’ of. sulphur, all: ‘accurately mixed: together, forms the 
fulminating powder, which nea iaailigt ay cu ‘a ct ‘ar 
apeee laid on an iron heated below rednessi) (! 0) ht 4 
(i) ‘A mixture of five parts’ of powdered nitre, one ‘part 
of sulphir, and one’of powdered’ charcoal, composes gun- 
powder! ‘Phe materials ‘ate first‘ very: finely: powdered se- 
‘“parately, then mixed up. together, and beaten with a wooden 
“péstleya: ‘sufficient quantity of water being added to prevent 
“an- explosion. -'The- mixture is aflerward)? Bauludated by 
Moin through. sieves, = dried ety gfe nil | 
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pashan bass! Resse sip for preparing Nitri ic Acid. 
ha “Niteate-oF potash is decomposed by. salle ic ail which 
‘combines’ with the potash, and expels the nitric acid. Put 
“into «a glass’ retort, which - ‘may be either tubulated or not, 
four jal nitrate ae Sy aha ss to a coarse havnt 
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On fhe’ preparation ay gunpowder, ata the theory of its at tig alag 
eonsult Nicholson’s Journal, xxiii. 277. Luke 
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and pour upon it three parts of concentrated sulphuric 
acid. Apply a tubulated receiver, of large. capacity, , be- 
tween which, and the retort, an adopter, may be interposed; 
these junctures. being luted. with a mixture of pipe-clay, 
sifted sand, and cut tow or flax. —To, the tubulure of the 
receiver, a glass tube may be fixed by means of the fat lute, 
cand may terminate in another large receiver, containing a 
small. quantity of water. If the operator wishes to collect 
the gaseous products also, this second receiver should be 
provided with a tubulure, to, which a bent pipe may be 
luted, terminating under one of the inverted funnels in the 
-shelf of the pneumatic trough. Apply heat to the retort, 
through the intervention of a sand-bath. The first product 
‘that passes into the receiver, is generally of a red colour, 
and of a smoking quality.. These appearances. gradually 
diminish ; and if the materials used were clean, the acid will 
come over pale, and even colourless. Afterwards it gra- 
~ dually re-assumes a red colour, and smoking property ; 
-which appearances go on increasing till thse end. of the 
operation; and the whole product, mingled together,.has 
either a yellow or an orange colour, SRC to Li tbe, tem- 
" perature employed. 
The proportions recommended in the new ail a, Phar- 
_ macopeeia for the preparation of nitric acid, are two pounds 
_of nitrate of potash, deprived by heat of its water of. crystal- 
lization, and two pounds of sulphuric acid.. These.are 
directed to be mixed in a glass retort, and distilled in a 
sand-bath, until a red vapour arises. The acid in the re- 
ceiver is to be mixed with an ounce of nitrate of potash, 
and again distilled in a similar manner. After the second 
distillation its specific gravity is 1.500; and one fluid-ounce, 
Mr. Phillips finds, decomposes 476 grains of marble. But 
‘he objects to the proportion of sulphuric acid, in the process 
of the College, as. unnecessarily large. If, however, it be 
requir ed to decompose the whole of any portion of nitre, it 
is necessary to use as much sulphuric acid, as will form, with 
the alkali of the nitre, seper-sulphate of potash, viz. 97 
parts of acid, of density 1,85, to 100 parts of nitre, 
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~ The nitric acid, which first passes over; has the greatest 
specific gravity. In an experiment of Dr. Perceval of 
Dublin, the product was taken in three por tions; the first 
of which had the specific gravity of 1.494, the second of 
1.485, and the third of 1.442 *, , 

In the large way, and for purposes of i arts, it is ‘aut 
to siBstituiter earthen or cast-iron retorts; made extremely 
thick, for those of ‘glass. An earthen head i is adapted, and 
this is connected ditch a range of proper condensors. ‘The 
strength of the acid: is varied also, by putting more or less 
water into the receiver. What is called double aqua fortis 
varies in its specific gravity from 1.3 to 1.4. 

_ Nitric acid, obtained by this process, is never perfectly 
pure. It contains, generally, both sulphuric and muriatic 
acids ; the former of which is indicated by a white preci- 
pitate, on adding a solution of nitrate of barytes to a little 
of the acid, diluted with 8 or 10 parts of water; and the 
latter, by a milkiness produced by nitrate of silver. The 
sulphuric «acid may be separated, either by a second distil- 
lation’ from a portion of very pure nitre, equal in weight-to 
one eighth of that originally employed, or by adding nitrate 
of barytes; allowing the precipitate to settle; decanens the 
clear liquid, and distilling it. Muriatiée acid is separate 
by the addition of nitrate of silver.An immediate milkiness 
ensues, and fresh additions must be made-of nitrate of silver, 
as long as it occasions this appearance. ‘Then allow the 
precipitate to subside; ‘decant the clear. liquid, and re- distill 
it; leaving one eighth or one ‘tenth in the retort. The 
product will be pure nitric acid. Nitrate of lead may-be 
. substituted for nitrate of silver +. The nitric acid may also 
be obtained free from. muriatic acid, if:a perfectly pure 
nitrate of potash be employed for distillation, This purifi- 
cation is effected by repeated solutions of the nitre, in boiling 
distilled water, and re-crystallizations. : 

Nitric acid obtained in this-manner is deficient also in 


'* Transactions of the Irish Academy, iv. 37. 
+ See Nichglson’s Journal, xi.434. 2. 
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auother, eh for i it is not perfectly oxygenated, bat’ holds: 
in solution a considerable quantity of, nitrous acid.) To 
expel the latter, put the acid into a retort, to which’ a res 
ceiver is applied, the two vessels not being luted, but joined 
merely, by paper, Apply a very gentle heat for several hours * 
to the retort, changing the receiver as soon as it becomes” 
filled with red. vapours. The nitrous gas will thus be ex+ 
pelled, and the acid will remain in the. retort in a state of 
purity, and, ab limpid. and colourless as water. It mugs be 
kept in a bottle secluded from the light. | 

One hundred parts of nitrate of potash, ane g to bk 
Grange, yield by this. process 43 of acid,:or, according to 
my experience, above 50; but, if the process of the College 
be followed, 100, of; fused nitre afford about 664 of acid. 
Even this, however, i is not the whole of what was contained 
in. the. salt; for a part, is decomposed by the temperature 
necessary to, the operation. Accordingly, a large quantity of 
oxygen. gas is disengaged during the distillation, and may be 
collected by an obvious addition. to the apparatus... 

. In the retort, there remains a compound of potash witht | 
more sulphuric acid, than is essential to its saturation; or a 
super-sulphate of potash. | On submitting this to a pretty. 
strong heat, the excess of sulphuric. Meld is. expelled ;. and, 
the residue, dissolved ‘and. eaparatedy aaa cryst. digest 
raha of ag Meigt aed eit yee 
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aes This salt may. be formed, by saturating ééirbonate of | 
ante with nitric acid; or by distilling common salt’ with 
three fourths its weight of nitric acid. . When the former 
process is adopted, ithe solution must be evaporated, till a 
pellicle appears om its. surface, | and. then allowed to cool. 
Crystals will be produced, having the moe of seafood 
or rhomboidal prisms... 
II. These crystals have a taste like that of bier but 
more intense, ‘They.are seluble in three parts of water at — 
0°, and in Jess than an equal weight of boiling water. 


Secor. Ya. NITRATES». . SoA 


‘They, attract.moisture, from, the; atmosphere, In other ree 
spects, inthe, means by which their decomposition i is effected 
and its results, they agree with the nitrate of potash. The 
onlyuse-of nitrate, of soda. is,.perhaps,, that which has been’ 
suggested: by Proust, who has found it to be more economical 
in the making of fire-works than nitrate of potash *. It 
consists, according t6 Dalton, of 

57.6 acid — 

42.4 base - 


eT 


100. 


“Ani. 3. —Ni irate of Ainihonia. - 


L The most simple mode ‘of preparing sie salt: is hes 
adding carbonate of ammionia to’ dilute nitric acid, till. 
saturation has taken place. If the liquor be evaporated, 
by a heat between 70° and 100°, to a certain extent, it 
shoots, on cooling, into crystals, having the shape of six-sided. 
prisms, terminated by long six-sided pyramids. Evaporated. 
at the temperature of 212°, it-yielils, on cooling, thin fibrops 
crystals ; ; and when the evaporation is carried so far, that: 
the salt immediately concretes on @ glass rod‘ by’ eh it 
then forms a compact and shapeless mass. . 

“Il. The solubility of this salt varies, ‘accorditig’ ‘to thie 
temperature i in which it has been formed. Wher in crystals, 
it requires twice its weight of water, for solution, or half its 
weight of boiling water. © It deliquiates, in all’ its forms; 
when “exposed. to the atmosphere. 

“Til. The most impottant property ‘of this set is the oné 
which has been already described, viz: of yielding; when 
| decomposed by heat, the nitrous oxide: One pound of the 
compact, ‘kind gives, by caieful decomposition, nearly five 
cubic feet of gas, or rather inore than 34 doses; so that the 
expense, estimating the at at 5s, 10d. ‘the pound, is about 
2d. for each dose.) 
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echo Th @ teniperstiire ‘of 600°'this: Salt. explodes, and i is 
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The prismatic variety is stated by Ber zelius *, who in- 
vestigated ce i Sener the results of its decomposition, ta 
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¥ Nittele me, reeled ‘may. be prepared, by dissolving. either 
ihe artificial or native carbonate in nitric acid, diluted with, 
eight, or ten. parts of water. If the ar tificial carbonate be 
employed, ‘if, should be previously 1 well washed with distilled, 
water, till the washings cease to precipitate nitrate of silver, 
A. solution, of nitre ate of barytes, mixed with one of silver, 
should continue perfectly { tr anisparent. On evaporation, it 
yields regular octahedrons, often, adhering to each other. in 
the: form, of stars 5 and sometimes it is obtained in ‘small 
; brilliant, “olates,, colt requires | for solution 12 times its weight, 
ed water at 60°; and. three or four parts on pat water. i a 


telead 


| Erenishes another bait) of procur ing ‘pure nie tes ; but 
the heat must not be, carried too far, otherwise the oe 
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"js apt ‘to’ vitrefy “with theecrucible.: The residue,»on the 
addition of water, dissolves with great heat and noise, and 
the solution, on cooling, yields crystals of pure barytes. 
Nitrate of barytes is composed, in 100 parts, according to 
Clann and Desormes, of 60 base, and 40 acid and water, 
Mr, J ames ‘Thomson states.its composition to.be_ 


_- 


sini 92: . 59.3 barytes 
fore autt ms 40.7 acid and water. 


“This Steg differs from the deteunitatont of ‘Berzelius, 
viz. 58.46 base rr 41.54 ag and, no o water, site 


atmodi aor BeosNileate of Renton 

This salt may be obtained in the same manner as the ni- 
trate of barytes, with which it agréés in most properties. 
‘The solubility of its cx rystals,. Pisonel differs considerably ; 
for they are dissolved by their own weight of water at 60°, 
or by, little more. than, half their weight of boiling water. 
When applied to the wick ofa ruse. or added to boiling 
alcohol, they communicate to the flame a deep bloodured 
colour, _ They ; are, decomposed. by a high temperature, and 
afford. pure ‘strontitic earth. Exclusive of water, the salt 
consists, according to o Richter, of 51.4 acid + 48.6 base. 


Agr, eadaNiteats of Lime. 


PoThis salt is found abundantly in the cement of old build- 
ings, which have been long inhabited. To prepare it arti- 
ficially, nitric acid, diluted with five or six parts of water, 
may be saturated with carbonate of lime. When this solu-. 

tion is'boiled down to the consistence of syrup, and exposed 
ina cool place, long prismatic crystals are formed, resem- 
bling, in their disposition, bundles of needles diverging from 
a common centre. ‘These. cr ystals are readily soluble in 
water, of which, at 60°, they require two parts, and boiling 
water dissolves an equal weight. "They deliquiate speedily, 
when exposed to the air; and are decomposed at the tem- 


b 
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“When a solution of nitrate of lime is ners to diy 
ness in an earthen vessel, then fused for five or ten minutes 
‘ $n a crucible, and poured, while in fasion, into an iron pot 
.. previously heated, .the congealed . mass. forms Baldwin's 
phosphorus. Tt must be broken. into. Pieces, “and preserved 
in a well-stopped phial. These pieces, ‘after having been ex- 
posed tothe sum for a few hours, emit in the dark a beautiful 
white light, affording one variety of solar phosphorus. 
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‘This compound may be prepared, by dissolving carbonate 
of magnesia in diluted nitric acid. ‘The solution; ‘whet: 
evaporated, yields crystals in the shape of prisms, with four 
oblique faces truncdted at their summits. Most comtionly, 
however, it forins a shapeless mass, consisting of an immense 
tumber of small needle-shaped crystals, crdssiwg each other 
irregularly. These crystals deliquiate in the ait and aré 
soluble in half their weight of water. When exposed to the 
heat of ignition, they rae ; afew bubbles of oxygen gas 
first escape; and. the nitric acid’ then passes sinilenpunbaseds 
“The salt coniains, exclusive of ppb. ema to par. 
69 acid + 31 base. 
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This ere is but little known, It may be formed. by the 
solution of fresh precipitated alumine, which has been well4 
washed with distilled water, but not dried;.in diluted nitric 
acid, with the assistance of heat.. The solution, which has 
always an excess. of acid, after evaporation, crystallizes in 
thin duetile plates. The crystals are extremely soluble; 
and, on the application of a high temperature, abandon theiy 
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acid. They are decomposed by most alkalis ee earths. 
Pure potash, added in excess, re-dissolves the precipitate, 


Anr. 9.—Nitrate of Glucine. 


The nitrate of glucine isa sweet tasted salt, which can- 
not be brought to! crystallize. When evaporated to dry- 
ness, it. rapidly absorbs. moisture from the atmosphere. It 
is soluble injalcohol. , A high temperature decomposes it, 
without effecting se; previous fusion... . 


Art. 10. Nitrate f2 Zixe CON. 


The nitrie nad disaplaies but. cannot is saturated with, 
fresh precipitated zircon. ‘T he solution has always an excess 
of acid. When evaporated, it forms a yellowish transparent. 


mass;.extremely tenacious and viscid, and difficultly dried... 


It has.a styptic astringent taste, and leaves on. the tongue a 
thick substance, in consequence of its partial bcs 
by the saliva... This dry nitrate is extr emely soluble. The 
solution is decomposed by sulphuric acid, and by carbonate 
of ammonia, which throw down a precipitate soluble in an 
excess of the acid, or of the carbonate. Tincture of. galls 
forms;a white. precipiiate, which is soluble in an excess of 
the tincture, af Late eaten “ey 


Arr. 11.—Nitrate of Ytiria 


May be prepared by dissolving yttria in nitric acid. The 
solution has a sweetish astringent taste; and, in most pro- 
perties, resembles nitrate of glucine. It can scarcely be 
obtained in crystals; and if too great a heat. be applied 
during evaporation, the salt becomes soft, assumes the ap- 
pearance of honey, and concretes, on cooling, into a hard 
stony mass. Exposed to the air, it attracts moisture, and is 
resolved into a liquid. 
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“SECTION VI. 
_Nitrites. 


~ "Tyre easiest mode of obtaining nitrites, is to deprive the 
cid, contained in the nitrates, of part ofits oxygen, by ex- 
posure for'a’short time to the temperature ‘of ignition. This 
method, it must’ be obvious, cannot be: esd with those 
nitrates that abandon their acid on the application of heat, 
or which, like nitrate of ammonia, are more completely de- 
composed. 9 5 

The nitrites may also be aiden i the direct com- 
bination of alkaline’ and earthy bases with nitrous acid, 
férmed in the mode proposed by Gay Lussac, and mbes 
5 ate under the article nitrous acid. 

” Nitrate of potash, after ignition in a ieantie Hosoi a 
fhitrite of that alkali. It emits, when ‘powdered, a smell of 
hitrous gas. When diluted nitric ‘acid, or even acetic acid, 
is poured upon it, vapours of nitrous acid are. disengaged; 
and hence it appears, that the affinity of this acid for-its base 
is weakened ‘by partial dis-oxygenation ; for no such effect 
arises on adding these acids to the nitrate. The solution of 
the salt in‘water changes the syrup of violets to apse ie 
other properties are little Know. | sgt 4 


CHAPTER XIV. | 


MURIATIC ACID—OXYMURIATIC “ACID on CHLORINE—AND 
THEIR COMPOUNDS. 


THERE are few wefan riipcbtiny which the opinions 
of chemists have undergone such frequent changes, as cor- 
cerning the nature of the muriatic and oxy-muriatic acids. 
The view originally taken by Scheele, the illustrious’ discd- 
verer of the latter: body, was that the muriatic acid is ‘a 
compound of a certain base and phlogiston; and that it be- 
‘comes oxymuriatic, or .as he termed it dephiogisticated mu- 
riatie acid, when deprived of that supposed principle of in- 
flammability *. It was afterwards found, however, that all 
bodies, which are capable of producing this: change in mu 
riatic acid, contain oxygen, and ‘that their proportion of — 
oxygen is diminished by the process. - It appeared, tlhiere- 
‘fore,’ an’ obvious conclusion, that’ muriatic acid becomes 
-oxymuriatic acid, by the transfer of oxygen’ from the oxide 
‘to the acid. Sir H. Davy was led, by: his” earlier experi 
ments, to modify, in some degree, this view of the nature of 
muriatic and oxymurijatic acids ; and to consider the former 
as a compound of a certain basis with water, and the latter’ 
as a compound of the basis with oxygen.’ “This modifica- 
tion was rendered necessary by the fact, that when a metal- 
lic oxide is heated in muriatic acid gas, oxymuriatic acid is 
formed, and water appears in a separate state. But, at a 
subsequent per iod, that philosopher was as induéed by the ex- 
own, to form a different theory on the isis ‘One mu- 
riatic acid, he considered as a simple or undecompounded 
‘substance ; -and-mutiatie acid, as a compound of oxymu- 
‘atic bacish with hydrogen. . Te o,,convert the muriatic, into 
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the oxymuriatic acid, we have only, according to this view, 
‘to abstract hydrogen from the former; and this, it is sup- 
posed, is all that is effected by the action of those oxides, 
which are adapted to the purpose. | Algain, to convert oxy- 
muriatic into muriatic acid, we have only t to supply it with 
‘hydrogen ; and the simple mixture of one measure of each 
of those gases, by exposure for'a short time to the sun’s rays, 
sega two measures of muriatic acid gas. 
. The oxymuriatic, acid..or chlorine, (as. Sir HH. Davy: pro- 
Seek to call it, in order to. ayoid all, connection of its. name 
- ‘with hypothetical views) is’ ‘supposedy also, to unite at once 
with, the metals, without) requiring, like the sulphuric’ or 
nitric acid, that the metals’, should be in the'state of, oxides. 
-In proof of this theory, jt appears to be sufficiently establish- 
ed, that no oxygen can, be obtained, either alone, or.in.com- 
bination with combustible bodies added for the purposes from 
‘the compounds of chlorine and metals. , The’analyses, how- 
ever, of the metallic muriates, as they were for merly consi- 
dered, remain unimpeached by: this change of theory... All 
that is necessary, to transmute in) idea a muriate,into.a. com- 
pound of chlorine, is to deduct the oxygen from the oxide; 
and, adding it to the muriatic acid,’ to consider’ the sum as 
chlorine, For: bifecioe muriate of ee gee of all 
emp consists) iy elit vals otis ntl glibalx OF ahi 


| (a the old theory, of. muriatic acid, ‘aia ven 
Oxygen ..13.5 ~ ; 
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mt fs patel that there is hardly any fact, connected 
with the chemical history of the muriatic. -and -oxymuriatic 
acids, that does not admit of being equally well- explained 
upon either hypothesis. I have, dhatore, notwithstanding 
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the inerease-of probability derived, by the doctrine of chigs 
ind) from the striking analogy of that body with the newly 
dis¢overed eubstance iodine, thought it unnecessary to.make 
#0'essentialia change’ in) the: ‘arrangement of this work, as 
would be produced by removing’ the oxymuriatic acid to the 
lass of simple substanees.: | On the whole the : probabilities 
certainly appear to me much in favour ef the new, or rather 
the revived opinion. But there are still objections to its im- 
plicit adoption, which this is not the proper) oceasion te 
state. I shall; only observe, that not the least! ‘important of 
these objections 4 is, the instantaneous conversion, ~which the 
theory ‘of chlorine ‘supposes; of the metallic combinations. of 
that: ‘body: into muriates; when they ave dissolved in water, 
the! oxygen of which is imagined to pass; in a: moment, to the 

metal,’ while ‘the: ingilsonons’ is attracted by the:chlorine. «In 
the present state of the enquiry, indeed, we stand in need of 
geome fact, which shall aden of orplanshs in ont on one of 
epee preety Die Wid dou ren oittigeae £hi obnty 
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L a cuusiatil "esi in its aires by exists, in the 
state of a gas, which is permanent over mercury only... For 
exhibiting its properties, cieeahg a ilamihe apparatus i° 
absolutely necessary. 
- AnDetdtain sevstvinsil acid gas, let the tabulated gas. botile 
Pio ii. ig. 17) be about one fourth, or one third, filled with 
well dried muriate of soda (common salt),inlumps, not iz 
powder. To this. adapt the acid-holder, filled with concen- 
trated sulphuric acid ; .and let the aperture, of the bent. pipe. 
_ terminate.under.ajar filled with, and inverted in, quicksilver. 
Open the communication between the acid.and the salt, by 
‘turning the:cock; and immediately on the contact of these 
_ two bodies, «an. immense quantity, of muriatic acid igas w ill 
be. disengaged. A common or tubulated gas bottle, or tur 
bulated retort, will answer sufficiently well for PrOCUTING, the 
7 


~ 


RG 


400 MURIATIC’ baila ‘GAS« CHAP. XI¥e 


gas. The first portions, that come lover, may be allowed.to 
escape. under a chimney; because they are contaminated by 
the admixture of the common air present in the bottle..-The 
subsequent portions may be preserved for use 5 and ie pure 
gas will exhibit the following qualities : 

(a). It has avery pungent smell ;.and is sufficiently caustic 
to blister the skin, when applied to it for sometime. ~ 

- (b) When brought into contact with common. air, it occa+ 
sions:a white:cloud. » This.is owing to its union with aqueous 
apa: whicly is always present in the atmosphere. 

(c) It extinguishes alighted candle: Before the. flame 
goes out, the upper part 66 it assumes.a greenish hue, the 
cause‘of which has not yet been explained... A white vapour 
also surrounds the extinguished wick, owing to the combina~ 
tion .of water, produced by the combustion of the candle, 
with the muriatic acid gas. ech tay peat pep eae 

(d) It is heavier than common air. Biot and Gay Lussag 
state its specific gravity at 1.278, and hence 100 cubic inches 
weigh, as nearly as possible, 39 grains; according to Sir H. 
Davy between 39 and 40. 

(e) It effects the liquefaction ofa piece of ice, almost as ra= 
pidly as it would be melted bya red-hot iron. 

(f) It is very rapidly absorbed by water. A drop or two 
of water, admitted toa large jar full of this gasy causes the 
whole’ of it instantly to’ alesse According to Mr. Kir 
wan, an ounce-measure’ troy of water absorbs 800 cubical 
inches (i. e. 421 times its bulk) of muriatic acid gas; and the 
water, by this absorption} i is increased about one third its ori- 
ginal volume. Dr.’ Thomson’s experiments indicate a still 
Yarger absorption, viz. 515 cubical inches, or 308 grains by 
‘one cubic inch, equal to 252 grains, of water, at 60° Fahren- 
heit ; the barometer standing at 29.4. - Berthollet has shown 
that 100 grains of water absorb 12.467 grains of muriatic 
acid gas deprived of all redundant water by: passing it 
through a tube, surrounded by a freezing mixture. By this 
absorption, we obtain an acid of the specific gravity 1061.45 
and hence it follows that acid of this density confpins; in: ‘100 
grains, only 8.55 of real acid) !i:<. <>~.ua iw ot0'es bodied 
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(g) When potassium is introduced into muriatic acid gas, 
ditied by muriate of lime, it immediately becomes covered 
with a white crust; it heats spontaneously; and, by the as- 
sistance of a lamp, acquires, in some parts, the temperature 
of ignition, but does not inflame. If the potassium and the 
gas be in proper proportions, they both entirely disappear ; 
a white salt is formed, and a quantity of pure hydrogen gas — 
is evolved, which is equal to about one third the criginal 


- volume of the acid gas.’ Eight grains of potassium, in an 


> 


experiment of Sir H. Davy, effected the absorption ofnearly 
twenty-two cubic inches of muriatic acid gas: and the quan- 


_ tity of hydrogen gas produced amounted to more than eight 


cubical inches. It is remarkable that potassium, by its 


action on muriatic acid gas; separates exactly the same 


quantity of hydrogen, as would arise from its agency on 
water. This. has been considered as a proof, that. the 
evolved hydrogen has its origin from water, which the gas 


is supposed to hold in combination. But the phenomena 


are equally well explained by admitting, that muriatic acid is | 
decomposed by the potassium, which seizes the chlorine, and 
sets the hydrogen at liberty. And on the corpuscular 
theory of Mr. Dalton, whether potassium act on water or on 


-muriatic acid, in each case an atom of hydrogen will be dis- 


engaged; since the metal must attract to itself ENE an 
atom of oxygen or of chlorine. a 

Various expedients were tried, by Sir H. Davy: to aikbin 
muriatic gas from perfectly dry materials, with the view to 
determine, whether potassium is capable of detaching hy- 
drogen from gas so prepared. But it was found that mate- 
rials, which are capable of affording it when moist, yield no 
gas whatsoever, when in a perfectly dry state. None, for 
example, could be obtained by strongly heating a mixture 


‘of dry phosphoric or boracic acid with dry muriate of lime. 
_ This would appear, on first view, favourable to the opinion 


that water is essential to the constitution of muriatic gas. 


But itis equally consistent with the theory of chlorine, for it 


is by the combination of chlorine with the hydrogen con- 


tained in water, that the advocates of the new theory explain 
VOL. I. 2D 
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the formation of muriatic acid gas, under or dinary ci cireum- 
stances. , 

(hk) When muriatic acid gas is electtified 4 in contact any 
with glass, oxymuriatic acid and hydrogen gases are found, 
after the experiment, in quantity never exceeding ;),th the 
original bulk of the gas. ‘This result may either be ex- 
plained by supposing “that the water of muriatic acid gas is 
decomposed, and that the oxygen unites with the acid, while 
the hydrogen is liberated; or it may be accounted for on 
the new theory, which requires nothing more than the se- 
paration of the chlorine and hydrogen, constituting muriatic 
acid, by the agency of the electric fluid. When ‘the expe- 
riment is made over mercury, the chlorine unites with that 
metal, and a mixture of muriatic fH and hydrogen — 
remains. sata 

(i) When muriatic acid gas and oxygen gases are elec- 
trified together, oxymuriatic acid is formed, directly, as the . 
old theory woula explain, by the union of the acid with oxy- 
gen ; or, as the theory of chlorine teaches, the oxygen unites 
with the hydrogen of muriatic acid gas, and merely liberates 
oxymuriatic acid. 

(k) When a small piece of barytes or strontites, obtained 
by the decomposition of the nitrate, and therefore free from 
water, is heated by means of a spirit lamp, ina retort filled 
with muriatic acid gas, the gas is first dilated, and is then ra- 
pidly absorbed.. The barytes or strontites becomes red-hot, 
and the muriate, which is produced, runs into fusion*. At 
the close of the experiment, a sensible quantity of water is _ 
condensed, ‘This may either have pre-existed in the muriatic 
acid gas, or it may have been formed, by the union of the 
hydrogen of the acid, with the oxygen of the earth which has 
been employed. 


Process for preparing Liquid Muriatic Acid. 
Into a tubulated retort, placed ina sand-bath, put eight 
parts of dried muriate of soda; and, to the tubulure, lute the 


* Chefrdt: $4 Ann. de Chim, 285. 
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bent tube (fig. 26, a) with fat lute. To the neck of the retorts 
affix a tubulated receiver (fig. 30, ) by means of the same 
lute; and to the aperture of this adapt a tube, twice bent at 
right angles, and furnished with Welter’s contrivance for 
preventing absorption (fig. 31,4), the longer leg of which 
terminates beneath the surface of water contained in a two- 
necked bottle. From the other neck, let a second right- 
angled pipe proceed; and this may terminate in a similar 
manner, in a second bottle containing water; the total quan~ 
tity of which, in all the bottles, may be about five parts. Let 
the junctures be all carefully luted ; and, when they are suf- 
ficiently hardened, pour very gradually through the bent 
tube five and a half parts by weight of strong sulphuric acid, 
making the additions at several distant intervals.’ On each 
affusion of the acid a large quantity of muriatic acid gas will: 
be liberated, and will be absorbed by the water of the first 
bottle, till this has become saturated. It will then pass on 
to the second bottle, and be there absorbed. The water 
employed may amount to half the weight of the salt, and may 
be equally distributed between the two bottles. These it is 
better to surround with cold water, or, still preferably, with 
ice or snow; because the condensation of the gas evolyes 
considerable heat, which prevents the water from attaining 
its full impregnation. When the whole of the sulphuric 
acid has been added, and the gas no longer i issues, let a fire 
be lighted in the furnace, Gationth the sand-bath, removing 
the bent tube a, and substituting a well-ground glass stopper. 
This will renew the production of gas; and the temperature 
must be preserved, as long as gas continues to be evolved. 
At this period it is necessary to keep the luting, which con- 
nects the retort and receiver, perfectly. cool; otherwise it 
will be apt to melt. To this juncture, indeed, I prefer the 
application of the clay and sand lute; but to apply this pro- 
perly requires some practice.. Towards the close of the pro- 
cess, a dark-coloured liquid is condensed in the first receiver, 
consisting of a mixture of sulphuric and muriatic acids. 
When nothing more comes over, the operation may be sus- 
pended, and the liquid in the two bottles must be preserved. 
2D2 
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in bottles with ground | acu at consists of liquid mut 
riatic acid. 

The liquid muriatic acid may mt be obtained by diluting 
the sulphuric acid with the Water necessary for the conden- 
sation of the gas, and adding’ the dilute acid, when cold, to 
the salt in the retort. To the retort, an adopter may be 
luted with the clay and sand lute; and this may terminate in 
a large tubulated receiver, from the aperture of which a right- 
angled Welter’s tube is conveyed beneath a few ounces of 
water, contained in a two-necked bottle. A fire must then 
be lighted under the sand-bath, and continued as long as any — 
liquid comes over. The adopter and receiver must be kept 
cool, by the constant application of moistened cloths. - - 

The proportions, directed by the London College of Phy- 
sicians, in their Pharmacopoeia of 1809, are those recom-. 
mended by Vauquelin, viz. four parts of dried salt, three of 
sulphuric acid, and three of water, of which last one third is 
to be employed in diluting the acid, and two thirds to be 
put into the receiver. Mr, R. Phillips, however, finds that 
the water and acid are in unnecessary excess ; and that the 
most economical proportions are 32 parts of salt, and 21.9. 
(say 22) of sulphuric acid, of density 1.850, which may be 
diluted with one third its weight of water, the remaining 
two thirds being placed, as before, in the receiver *. The 
weight of the acid produced should equal, or a oven exceed, - 
that of the salt employed. 

If the muriatic acid, thus obtained, should contain sul- 
phuric acid, which may be discovered by muriate of barytes 
occasioning a white precipitate, the acid is to be re-distilled | 
from a fresh portion of muriate of soda. When prepared 
by Woulfe’s apparatus, the product in the second bottle is 
always perfectly pure. 

The acid, formed by the process of the College, has the 
specific gravity only of about 1.142; that of commerce is 
generally about 1.156; but by Woulfe’s apparatus, and espe- 
cially when the bottles are surrounded by ice or snow, it 


* On the London Pharmacop. p. 10. 
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approaches 1.600. A fluid ounce of the specific gravity 
1.142 dissolves 204 grains of marble; and the same quantity 
of sp. gr. 1.174 decomposes 240 grains. The intermediate 
degree of specific gravity; however, which has been men 
tioned, is best adapted for keeping; for the denser acid 
emits a large quantity of fumes, which are extremely incon- 
venient and injurious to all metallic instruments. * 
' The caput mortuum consists of sulphate of soda ‘with. some 
undecomposed muriateof soda... The former may be ob- 
tained, ina crystallized form, by first driving off, by a strong 
heat, the excess of sulphuric acid that adheres toit; and 
then dissolving it in hot water. The product of sulphate of 
soda exceeds that of the muriate employed in the PreROHH OR 
of about eight to five. 

Liquid muriatic acid has the following properties : 

1. It emits white suffocating fumes. These consist of 
muriatic acid gas, which becomes visible by contact with the 
moisture of the air. 

“2. When heated in a retort, or gas bottle, muriatic acid 
gas is disengaged, and may be collected over mercury. 

= sain muriatic acid is not decomposed by the contact 
of charcoal, essential oils, or r other combustible bodies. 

4. When diluted with water, no remarkable elevation of 
temperature is produced. 

5. In a perfectly pure state it is quite colourless ; but it 
has frequently a yellowish hue. ‘This may proceed, either 
from a portion of oxymuriatic acid, or of muriate of iron, 
but most commonly of the latter. This colour is instantly 
destroyed by afew drops of muriate of tin;’but this addi- 
tion, instead of diminishingy increases the: Sphpurity of the 
acid. 3 

6. Muriatic acid combines readily with alkalis, and with 
i of the earths, both in their pure and carbonated states. 

7. Liquid muriatic acid is specifically heavier than water. 
The correspondence between its specific gravity, and the 
quantity of real acid, which it contains, is shown by the fol- 
lowing Table, given by Sir H. Davy in his Elements of Che- 
mical Philosophy. It is constructed from experiments made 
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with great care by Mr. E, Davy in the Laboratory of the 
| Royal: Institution. 


Table showing the Quantity of real Acid in Liquid Muriatie » 


Acid of different Specific Gravities. (Temp. 45° Faht. 
Barom. 30.) | 


Specific 100 Grains contain of|| Specific [100 Grains contain of 
Gravity. | Muriatic Acid Gas. || Gravity. | Muriatic Acid Gas. 


eta: 49.43 1.10 20.20 
1.20 40.80 - 1.09 18.18 
1.19 38.38 1.08 16.16 
PEs y 36.36 1.07 ~ 14,14 
1.17 34.34 || 1.06 Wie 
1.16 Boge 1.05 10.10 
1.15 80.30 1.04 8.08 © 
1,14 28.28 1.03 6.06 
113" 26.26 1.02 4.04 5: 
112 D424 LOL 224% 
1.11 236 
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SECTION Il. 
Oxy-muriatic Acid, or Chlorine Gas. 


I. Tus gas may be formed by as of the following 


processes : i 


Process 1. Intoa stoppered retort iitensinee eight ounces 
of liquid muriatic acid, and four ounces of Bonk powdered 
manganese, and apply the heat of alamp. A gas will be 
produced, which may be received over water in the usual 
manner. rom the foregoing materials about 160 cubical 
inches of gas may be obtained. 

PE ress’ 2. Mix eight ounces of muriate of soda: (common 
salt) with three ounces of powdered manganese; put them 
into a stoppered retort,-and pour on lien four ounces of 
sulphuric acid, wisely have been diluted previously with four 


ee 
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ounces of water, and suffered to cool after dilution. Or the 
proportions recommended by Thenard may be employed, 
wiz. 1750 muriate of soda, 450 oxide of manganese, water 
and sulphuric acid each 800. On applying a gentle heat 
gas will be produced, asin Process1. But.as the gas isab- . 
sorbed by contact with water, though not rapidly, it should 
be received, when it is intended to be kept, in bottles filled 
with, and inverted in, water of the temperature of 80° or 
90° Faht. and provided with accurately ground stoppers. 
The stoppers must be introduced under water, while the 
bottle remains ny eah and no water must be left in the . 
bottle, | 

IJ. Oxy-muriatic acid gas has the Gllowite properties : 

(a) It has a yellowish green colour ; and this property has 
suggested the name chlorine *. 

(4) It has a pungent and suffocating smell. In experi- 
ments on this gas, great care should be taken that it does 
not escape, in any considerable quantity, into the apartment; 
for its action on the lungs is extremely i injurious and oppres- 
sive. 

(c) It is heavier than common air (taking the statement of 
Gay Lussac) in the proportion of 2470 to 1000; and 100 
cubic inches should, therefore, weigh 75.33 grains, Sir H. 
Davy finds them to weigh between 76 and 77 grains, ata 
mean temperature and pressure. 

(d) By a temperature of + 40° Faht. it is reduced into a 
liquid form, and is condensed on the sides of the vessel. But 
if the gas be previously dried by exposure to muriate of lime, 
it bears a cold of 40° below 0 without condensation f. 

When a receiver, filled with this gas, not artificially dried, 
is surrounded by snow, or pounded ice, the gas forms on its 
inner surface a solid concretion, of a yellowish colour, re-~ 
sembling, in its ramifications, the ice which is deposited on 
the misroee of windows during a frosty night. By a mode- 
rate increase of heat, such as to 50° Fahrenheit, this crust 


* From xAspo, green. t Sir H, Davy, Phil. Trans. 1811, p. 30. 
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melts ‘into a yellowish oily liquid, which, on a farther eleva- 
tion’ of temperature, passes*to the state of a gas. 

( ) Oxy-miuriatic acid gas, in its ordinary state, destroys 
all vegetable colours. This may be shown by passing, into 
the gas'confined by water, a piece of paper stained with 
litmus, the colour of which will immediately’ disappear. 
Hence the’ application of this gas to the purpose of bleach- 
ing, its power of effecting which may be shown by confining, 
in the gas, a pattern of unbleached calico. ‘Chlorine gas, 
however, which has been carefully dried by solid muriate of 
lime, and into which perfectly dry litmus paper is introduced, 
produces no change of colour in the litmus, a sufficient 
proof that its MeO power depends on ey aa of | 
water. 

(f) This gas is absorbed by water; slowly, if allowed to 
stand over it quiescent, but rapidly when agitated. 

1. The best method of effecting the impregnation of water 
with this gas, is by means of a Woulfe’s apparatus, the bot- 
tles of which should be surrounded by ice-cold water. The 
quantity of the gas, which water is capable of absorbing, ap- 
pears, from the concurrent testimony of Davy and Dalton, 
to be twice its bulk. According to the’ proportions stated 
by Berthollet, 1000 grains’of water, at the temperature of 
43° Fahrenheit, take up 1073 grains of the gas, and inh ih 
the specific gravity of 1003. 

2. The watery solution, if perfectly free 6x0 common 
muriatic acid; has not the usual taste ofan acid, but an. astrin- 
gent one. Its purity from muriatic acid may be ascertained 
by a solution of nitrate of mercury, which is pa soa by 
the common, but ‘not by the oxygenizedacid. = 

3. "The watery solution has the colour and peculiar smell 
of a gas, and has a similar property of discharging vege- 
table colours. Hence it may be employed in bleaching. 

After having exerted this effect, it will be found changed 
into common muriatic acid. This is explained, on the old 
theory, by its ‘giving up oxygen to the colouring matter of . 
the. cloth. »;But on the.theory of chlorine, the oxygen is . 
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supposed to be derived from water, the hydrogen of which 
passes to the chlorine, and composes muriatic acid. 

4. When the watery solution is exposed: to a temperature 
a little above that of freezing water, the gas, which is com- 
bined with it, reueee te in eaiy form of a liquid, heavier than 
water. 

5. The oxygenized acid is not decomposed by the tempe- 
rature of boiling water; for it may be raised in. ik sa 
and again sobdenseal without change. : 

6. When this solution is exposed to'the direct rays of the 
sun, oxygen gas is obtained, and the acid passes to the state 
of muriatic acid, either because, according'to the old theory, 
its oxygen becomes gaseous by the agency of light; or be- 
cause, as the new theory supposes, water is adsonnpaseel the 
chlorine uniting with its hydrogen, and its oxygen being set 
free. BENS SAO 

Chlorine is susceptible of combination with various other 
bodies, and the compounds possess, in a, caper Tre- 
markable properties. 


Chlorine with eicarie Euchlori ime. 


When b bodeconpin eens ‘of potash (a salt which will be 
afterwards described) is distilled, at a gentle heat, with weak 
muriatic acid, and the gas is received over mercury, it is 
found to differ essentially from chlorine. ‘It colour has a 
dense tint of'brilliant yellow green; and its smell resembles 
that of burnt sugar, mixed with the peculiar smell of oxymu- 
riatic acid. Water seems to take up eight or ten times its 
volume, and acquires an orange tinge. It has been called 
by its discoverer, Sir H. Davy, Euchloric gas, or simply 
Euchlorine. Gay Ee has Ahi for it the" name — 
oxide of chlorine. 

Euchlorine explodes by a Gentle heat, applied to shins vessel 
which contains it, and five parts in volume become six, con- 
sisting of a mixture of oxygen and chlorine gases, in such 
proportions that euchlorine must be composed of two in vo- 
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lume. of chlorine and one of oxygen, the latter being con- 
densed. into half its bulk, or by weight of , 


Chioring ti 2.. BU4EOt BN 100. 
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100. 

These proportions indicate that euchlorine is constituted 
of one atom of chlorine 33.5 + one atom. of oxygen 7. 5, and 
hence its atom must weigh 41... 

When detonated with twice its volume ‘of hydr ogen gas, 
there is an absorption of more than two thirds of the mix- 
ture, and liquid muriatic acid is formed. - 

Mercury has no action on euchlorine at common tem- 
peratures. Antimony and copper burn in it, if intro- 
duced previously heated... Sulphur and phosphorus decom- 
pose it; and charcoal already ignited burns in it with a dull 
red light. Nitrous gas condenses it with red fumes. — 

Enchlonne | San ae vegetable colours ; but it first gives 
the blue a tint of red. | 

In almost all cases of vivid combustion, there is a conden- 
sation of the bodies which unite, but in the decomposition of 
euchlorine by heat, we have the remarkable phenomenon of 
an explosion, accompanied with heat and light, and an ex- 
pansion of the elements, which are separated from each 
other. 


Another new compound of chlorine and oxygen, contain- 
ing a larger proportion, than euchlorine, ofthe latter ele- 
ment, has recently been discovered by Sir H. Davy *. To 
procure it, 50 or 60 grains of the powdered hyper-oxymu- 
riate of potash, are to be mixed with a small quantity of 
sulphuric acid. When thoroughly incorporated, a solid mass 
will result, of a bright orange colour. ' This is to be intro- 
duced into a small retort of oleae, which is to be exposed to 
the heat of water gradually warmed, but prevented from 
attaining the boiling point, by an admixture of spirit. of 


+ Phil. Trans. 1815, Part IL, 
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wine. The gas may be received over mercury; on — it 
has no action at common temperatures. 

It has a much more brilliant colour than dddlalgnaibt 3 Is 
much more rapidly absorbed by water; and has a peculiar 
aromatic smell, not mixed with any smell of chlorine. It 
destroys vegetable blue colours, without first reddening them. 
‘When heated to about the temperature of 212° Faht., it ex- 
plodes with more violence, and a greatei' expansion of vo- 
lume, than euchlorine, producing much light. After explo- 
sion over mercury, from 2.7 to 2.9 volumes appear, for every 
two of gas decomposed; and, of these, two are oxygen and 
the rest settee A little chlorine is absorbed, however, by 
the mercury, and it is reasonable to conclude that the deep 
yellow gas is, in reality, composed of two in volume of oxy- 
gen, and one of chlorine, condensed into two volumes. If 
this be correct, the gas will consist, by weight, of one atom 
of chlorine 33.5, and four atoms of oxygen 30, and its atom 
will weigh 63.5. 

It is decomposed, at common temperatures, by no com- 
bustible body, except phosphorus, which occasions an explo- 
sion when introduced into it, and burns, in the liberated 
gases, with great brilliancy. | 

Its saturated solution in water is of a deep yellow colour. 
It does not taste sour, but extremely astringent and corro- 
ding ; and it leaves on the tongue a disagreeable and lasting 
impression. We have,. therefore, no compound of chlorine 
and oxygen, possessed of acid properties; and, till this is 
obtained, it is not (as Sir H. Davy observes) correct to say 
that chlorine is capable of beng acidified by oxygen. 


Chlorine with Nitrogen. 


Chlorine and nitrogen gases have no action on each 
other; but a compound of chlorine and nitrogen may be 
formed, by passing the former gas through a solution of 
nitrate of ammonia, or of almost any ammoniacal salt, of 
the temperature of 40° to 50° Fahrenheit. The gas is ra- 
pidly absorbed, and a film appears on the saninee. which 
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soon collects into yellowish drops, that sink to the bottom 
of the liquor. 

. This yellowish and oily fluid is the most pow erfully de- 
tonating compound with which we are acquainted. When 
gently warmed, it explodes with so much violence, that it 
is not safe toemploy a quantity larger than a grain of mus- 
tard seed. Its discoverer, M. Dulong*, was severely 

wounded in his ‘first experiments on this substance; and 
Sir H. Davy had a serious injury done to his-eyes in re- 
peating them. It is expedient, therefore, to procged with 
great caution. | 

When a globule of this fluid is te ee into olive oa, tur- 
pentine, or naphtha, it explodes even without heat, and so 
violently, as to shatter any glass vessel. -'The same effect 
ensues, when it touches phosphorus, or phosphorized alco- 
hol orether ; but pure alcohol seems to deprive it of its ex- 
plosive property, and renders it a white oily matter. 

The specific gravity of the fluid, Sir H. Davy has deter- 
mined to be 1.653, water being 1. It is not congealed, by 
exposure to the cold preduced by snow and muriate of 
lime. 

The products ef its detonation are chlorine arid nitrogen 
gases, but it is impossible to determine the bulk of these ele- 
ments which are afforded by a given weight. » The best 
method of analyzing it, is by its moe on mercury, which 
unites with the chlorine, and sets the nitrogen free. From 
various experiments of this kind, Sir H. Davy concludes 
that it iscomposed of four in volume of chlorine to one in 
volume of nitrogen, or of 


Chlorimay er ree he 
Nitrogenio!s dali aun B.S 
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100. 


These proportions correspond best with the opinion, that 
it is constituted of one atom of nitrogen to two atoms of 


* See An. de Chim. vol. 85, 
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‘chlorine: but the coincidence is not so exact, as in the 


case of some other compounds, and the analysis requires 
confirmation. 


Chlorine with Hydrogen. 

Chlorine acts upon hydrogen either silently or with deto- 
nation, accordingly as the experiment is conducted. 

1. Let a phial, provided with a well-ground stopper, be 
completely filled with a mixture of hydrogen gas, and oxy- 
muriatic gas, in equal bulks. Put the stopper into its 
place, and keep the bottle, 24 hours, inverted with its mouth 
under water. -On withdrawing the stopper under water, 
nearly the whole of the gas will have disappeared: and the 
remainder will be absorbed by the contact of the water. 

2. Mingle, in the detonating tube (fig. 28 or. 29), equal 
volumes of hydrogen gas and of oxy-muriatic gas. When 
an electric spark is passed through the mixture, a detona- 
tion will ensue, and nearly the ae will be absorbed. 
But ifthe gases have been carefully dried by exposure to solid 
muriate of lime, their volume, after firing, will not be at all 
condensed, and muriatic acid gas, precisely equal to their 
joint bulk, will be obtained. By weight, one part of hydrogen 
gas requires 33.5 of oxy-muriatic or chlorine gas for satu- 
ration, -and 34.5 of muriatic acid gas are produced. 

The result of this experiment may either be explained, 
by admitting the direct combination of hydrogen and chlo- 
rine to constitute muriatic acid; or by supposing that the 
hydrogen unites with the oxygen of the oxy-muriatic acid, 
and that the water, thus formed, exists as an element of 
muriatic.acid gas. In this instance.the theory of chlorine 
has certainly the advantage in point of simplicity. 

If the weight of the atom of chlorine be determined from 
its union with hydrogen, it will be expressed by 33.5; and 
33.5 of chlorine will be the equivalent to 7.5 of oxygen. 
When oxygen is made the decimal unit, as by Dr. Wol- 
laston, the weight of the atom of chlorine will be expressed 
by 44.1, or in round numbers by 44. On the supposition 


oS 
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that the oxy-muriatic acid is a compound of muriatic acid 
and oxygen, it must be constituted as follows: / 


Oxygen. ...... 99.65...» 100, sium 29,28 
Murat: ACI: 6477095) ie 1 BAIRG isc 100. 
100. 441.6' °° 229.28 


This would indicate the thas of the atom of muriatic 
acid to be nearly 26; and ihe an atom of oxygen, the 
compound atom of oxy-muriatic acid would still weigh 33.5. 

A remarkable fact, respecting the mutual action of oxy- 
muriatic acid and hydrogen gases, was discovered by Gay 
Lussac, and, without any knowledge of his experiments, 
by Mr. Dalton. A mixture of the two gases, in equal vo- 
lumes, is slowly absorbed under ordinary circumstances ; 
but if the direct rays of the sun happen to fall on the mixture, 
the two gases diminish with considerable rapidity; and, if 
the quantity be large, they even explode. ‘This isa striking 
instance of the agency of light in promoting chemical 
combination. Blue light is more effective in producing the 
combination than red, but neither occasions the rapid 
combustion, which is excited by the direct rays of the 


sun *.. 


Chlorine with the Metals of the Alkalis and Earths, and 
with the Oxides of those Metals. | 


When potassium is heated in chlorine gas, it fiabits 
much more vividly than in oxygen; each grain absorbs 
1.1 cubic inch of the gas, and a neutral compound is 
formed, precisely resembling that, which results from heat- 
ing potassium in muriatic acid gas. Sodium burns in 
chlorine with similar appearances, and condenses twice as 
much of the gas, as is absorbed by an equal weight of 


potassium. 
When potassium or sodium, which have been: sate to 


* Seebeck, 34 Nicholson’s Journal, p..220.> ° 
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absorb oxygen, are heated in chlorine gas, the latter dis- 
appears, and oxygen gas, precisely equivalent to what had 
been condensed, is liberated. Oxygen is expelled, also, 
by chlorine, from barytes, strontites, and lime, in the pro- 
portion of one measure for every two measures of chlorine 
that are condensed. 

As the oxygen is always evolved in its original quantity, 
though the quantity of chlorine absorbed is variable, Sir 
H. Davy considers this as proving that the oxygen does not 
proceed from the chlorine, but from the oxide; and that 
chlorine is a simple body, which attracts the metals in ques- 
tion more strongly than oxygen attracts them. 

Ammonia is decomposed by chlorine, sometimes with 
detonation. If both gases are dry, no water is produced, 
which Sir H. Davy observes should. ‘happen, if chlorine 
contained oxygen; but the products are «muriatic acid,. 
(from the union of the chlorine and hydrogen,) and nitro- 
gen gas*. The muriatic acid, with the cn Eied 
alkali, forms muriate of ammonia. 


Chlorine with Charcoal, Carbonic Oxide, and Carluretted 
Hydrogen. 


When the charcoal of beech wood, finely powdered and 
perfectly dry, is poured into chiorine gas in its ordinary 
state, an inflammation ensues. But charcoal, intensely ig- 
nited by Voltaic electricity, in dry chlorine gas, effects no 
change, nor is any carbonic acid produced. 

Perfectly dry chlorine and carburetted hydrogen gases, 
in the experiments of Dr. John Davy, detonated without pro- 
ducing carbonic acid. Muriatic acid gas was obtained, and 
the charcoal was precipitated. But when the gases are fired 
over water, carbonic acid is obtained, the oxygen for which 
is furnished by the water. Mixtures of three or four parts 
of chlorine and one part of carburetted hydrogen over 
water, when exposed to the light of the sun, explode, and 
carbonic acid is generated; or; if the quantities are small, 


* Phil, Trans. 1814, p. 70, 
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and indirect light.only is admitted, the action of - aseig 
goes on slowly, with similar results, 

A mixture of equal volumes of chlorine and carbonic 
oxide gases, both dried by fused muriate of lime, and 
exposed, about a quarter of an»hour, to bright sunshine, 
affords a peculiar compound, called by its discoverer, Dr, 
John Davy *, Phosgene Gas... The colour of the chlorine 
is destroyed by this combination, and the constituent gases 
are condensed into half their bulk. Hence it appears to be 
one of the heaviest. gases known, 100 cubic inches being 
estimated to weigh 105.97 grains. 

Phosgene gas has an intolerably pungent odour, and 
wofldlcassaldambnadls eae changes it into muriatic and car- 
bonic acid gases. The metals decompose it, and unite 
with the chlorine, a volume of carbonic oxide being libe- 
rated, equal to the bulk of the original gas.. It condenses 
four times its volume of ammoniacal gas, and the product 
is a white neutral salt, from which the stronger acids dis- 
engage muriatic and carbonic acids; but acetic acid dis- 
solves it without effervescence. f 


Chlorine with Sulphur and its Compounds. 


Sulphur, when heated in contact with chlorine gas, ab- 
sorbs it, and forms a singular compound first described . 
by Dr. Thomson}. Ten grains absorb nearly 30 cubic 
inches of gas, which is nearly in the proportion of 15 (the 
weight of an atom of sulphur) to 33.5 (the weight of an . 
atom of chlorine). It 6 i neler to be a true “oxy- 
muriate of sulphur. 

This fluid is volatile below 200° Fahseahein Its odloit 
is red by reflected light, but yellowish green by trans- 
mitted light. It emits fumes, which are peculiarly acrid, 
and which excite a copious flow of tears. Its specific 
gravity is 1.6. It decomposes water, the hydrogen of 
which forms, with the chlorine, muriatic acid; while the | 
sulphur, with the oxygen of the water, composes sul- 


ted Phil. Trans, 1812. + Nicholson’s Journal, 8vo, vol. vi. - 


‘SECT. 1. - CHLORINE WITH METALS. 417 


phuric acid. Before dilution, however, it is not acid, and 
.does not redder dry litmus paper. 

Dry chlorine gas has no action on. dry sulphurous acid 
gas; but if water be present, muriatic and ‘sulphuric acids 
result from their mixture. 

When chlorine gas is mixed with sulphuretted hydro- 
gen gas, the phenomena vary with the proportions, When 
equal bulks are used, there is scarcely any condensation, 
and the residue contains 12ths of its bulk of muriatic acid 
gas. In this case the sulphur is precipitated. But if 
enough of chlorine be used, besides the same product of 
niuriatic acid, the sulphur is changed into oxy-muriate of 
sulphur. 

Chlorine and nitrous gases, separately dried by solid 
muriate of lime, do not combine on admixture; but 
when moisture is» present, the chlorine decomposes water, 
forming muriatic acid with its hydrogen, while its oxygen 
condenses the nitrous gas. | 

‘The compound of Siiae and phosphorus will be de- 
scribed in speaking of the latter substance. ° 


Chlorine park the Metals. 


Almost every metal, in a state of minute division, takes 
fire spontaneously, and burns in this gas. ‘The very mal- 
leable metals, such as gold, silver, &c. which can be re- 
duced to.extremely thin leaves, are best applied to the gas 
in this state.- Others, as iron, zinc, copper, &c. must be 
introduced in the state of fine filings. ‘The most readily 
oxydized metals burn with the greatest brilliancy. - The best 
proportion is about 40 grains of each metal to 40 cubic 
inches of gas: and, into the bottom of the receiver a little 
sand may be poured, to prevent it from being broken. 

Metallic antimony burns reels a very brilliant white 
flame, and throws out sparks. “Arsenic exhibits a fine 
green or blue flame, attended with sparks, and a ‘dense 
white smoke; bismuth, a blueish flame; nickel, a yellowish 
white one; cobalt, a blueish white; zinc, a white flame 
and sparks; tin, a blueish white light; lead, a clear white 
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flame ; copper, a red and slowly spreading light; and iron, 
a bright red light. In all these experiments, the tempe- 
rature of the gas should not fall short of 70°. 

When chlorine is made to act on any metallic oxide, 
those of iron and arsenic excepted, the whole of the oxygen 
is expelled from the oxide, and the chlorine combines with 
the metal only. The description of these compounds, 
which have been ably investigated by Dr. J. Davy, will 
form a part of the history of the individual metals in the 
next volume. 


Nomenclature of the Compounds of Muriatic and Oxy 


muriatic Acids. 


The combinations of muriatic acid continue to be termed 
Muriates.in the modified nomenclature, proposed by Sir 
H. Davy. Thus muriate of magnesia, of alumine, and of 
ammonia, are correct expressions. But all compounds of 
chlorine with combustible bases, he proposes to designate 
by annexing the termination ane to the Latin name of the 
basis. ‘The compound of ‘chlorine and sulphur, he calls 
for example, sulphurane; that of silver (urgenium) and 
chlorine argentane; and so of the rest. Common salt, on 
the same principle, would be:termed sodane. When these 
compounds are capable of uniting with an additional pro- 
portion of chlorine, he expresses that which has two pro- 
portions by the termination ana or anea. Thus copper 
(cuprum) .with one proportion of chlorine is euprane, and 
with two cupranea. : . 
It would have been more agreeable, however, to ana- 
logy with the combinations of oxygen, if the compounds 
of chlorine had received the name of chloride, a termina- 
tion conformable to that of oxide. In that case, the dif- 
ferent compounds of chlorine with one base, might have 
been designated in the“way proposed by Dr. Thomson for 
the oxides, the first being called proto-chloride, the second 
deuto-chloride, and so of the rest. 

According to the views of Sir H. Davy and Gay Lussac, 
all the bodies described in the next section, excepting the 
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muriates of ammonia, magnesia, and alumine, are to be 
considered. strictly as oxy-muriates, or compounds of chlo- 
rine with metallic bases. Common salt, for example, they 
conceive to be a compound, not of muriatic acid and soda, 
but of chlorine and sodium, .at least in its dry state. Until 
: these views, however, are more firmly established, I have 
deemed it unnecessary to separate bodies, so naturally allied 
by similarity of properties; and I shall continue, therefore, 
to class, with the muriates, some compounds, which, in 
the farther progress of science, will probably be removed. 
to a different genus of salts. 


SECTION III. 


Muriates. 


Art. 1.—Muriate of Potash. — 


Murzate of potash may be obtained by saturating mu- | 
riatic acid with carbonate of potash, and evaporating the 
solution till the salt crystallizes. These crystals have a cu- 
bical shape, and a bitter disagreeable taste; they dissolve 
in three times their weight of water at 60°, and in a rather 
less proportion of boiling water. They undergo little 
change. when exposed to the air; they decrepitate when 
thrown on the fire, but abandon no part of their acid at a 
red heat. 7 : N° 

Muriate of potash consists, in 100 grains, 


eg ! Acid. Base. 
According to Berthollet. .... of.. 33.84 .. 66:66 
—_—__—_—_——- Berzelius......—.. 35.81 .. 64.19 


(oe 


Dr.Wollaston..—.. 36.57 .. 63.43 


Berzelius, by decomposing 100 grains of the fused salt. 
with solution of nitrate of silver, obtained 191.5. of luna 
cornea.’ According to Sir H. Davy, this salt is composed 

ZE2 | 
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of 75 parts of potassium united with | 67 ee ae or 100 
grains consist of | 


Potasstute Ce ke oO OS 
Chiovine . wu bis Jbomoe 47.2 


100.. 


These proportions are almost the same as those stated by 
Gay Lussac, viz. 100 chlorine + 111.31 potassium, all 
confir ming that this salt is composed of an atom of each 
aie its ingredients. 


Art. 2.—Muriate of Soda. 


Muriate of soda is that well known substance, common 
salt, which is become a necessary ingredient in the food of 
man, and-is of essential utility in several of the arts. 

J. Its composition may be proved, by the direct union of 
soda with muriatic acid. 

But for purposes of experiment, the common salt may 
be employed, which is to be found in the shops. This may 
be purified, by adding to a solution of it in water a solu- 
tion of carbonate of sides as long as any milkiness ensues; 
filtering the solution, and evaporating it at it crystallizes. 

U. Its qualities are as follow: ia irae 

1. It crystallizes in regular cubes, which, when the sale 
is pure, are but little unaeree by exposure to the air. The 
common salt of the shops, however, acquires an increase of 
weight, in consequence of the absorption of moisture. ‘The 
various forms under which it appears, of stoved salt, fishery 
salt, bay salt, &c. arise rather from modifications in the 
size and compactness of the grain, than from any essential 
difference of chemical composition. 

2, It req ss, for solution, twice and a . half its weight 
of water, at 60° of Fahrenheit, and hot water takes up 
very little more. Hence its solution crystallizes, not like 
that of nitre, by cooling, but by evaporation. 

3. When heated peeaaitly it fuses, and forms, when cold, 


a solid compact mass. _ 7 
4. If suddenly heated, as’ by throwing it on red-hot 


~ 
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coals, it decrepitates. It does not, however, after being 
dried at the temperature of boiling water, lose by ignition 
more than two or three parts of water per cent, and essen+ 
tially it contains no water. 

5. It is not decomposed when ignited in contact with 
inflammable substances, except with potassium, which sets 
at liberty half its weight of sodium. 

6. When mixed Givh powdered charcoal or sulphur, and 
fused in a crucible, it does not undergo any decomposition 
or essential change. 

7. It is decomposed by the carbonate of potash, the 
alkali of which combines with the muriatic acid of the salt, - 
and the carbonic acid is transferred to the soda.— Hence 
we obtain muriate of potash and carbonate of soda. A 
process for effecting this decomposition, on a large scale, is 
described by AVeurrasnt in Crell’s Journal, Bulish trans- 
lation, ii. 127. 

8. It isdecomposed by the ear acid in the mode al- 
ready described. Nitric acid also irate the muriatic 
acid. | 
9. Muriate of soda is composed, in 100 grains, 


Acid. Hace, 
According to Darcet ....of .... 49.27 .. 50.73 
—————_——  Berard..-.—.... 43... 57. 
——_—--——- Dr. Marcet —....46.  .. 54. 
Berzelius ..—.... 46.55 .. 53.44 


From 100 grains of transparent rock salt, dissolved in 
water, and precipitated by nitrate of silver, I obtained 
242 of luna cornea; Dr. Marcet, from 100 grains of pure 
artificial muriate of soda, fused before solution, obtained 
241.6; Berzelius, 244.6; and Rose, 243.4. Now 100 grains 
of luna cornea may be stated, in round numbers, to denote 
19 grains of real muriatic acid, so that it is easy, from this 
datum, to calculate the composition of common salt, or of 
any muriatic salt, which has been decomposed by nitrate 
of silver. : 

On the atomic eri of Mr. Dalton, it should censist 


> 
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of an atom of muriatic acid combined with an atom ‘of 
soda. But according to Sir H. Davy’s view it is consti- | 
tuted of an atom of ideas weighing de with an atom of 


cH Dns weighing 33.5, or of 


Sodium .... 40.5 Licles c,00 ia eects 
Chlorine. ...... BOE hace view LAM 9 eae ee LOO 


ere ERT 


TOOy. 247 168 


Dr. Wollaston assumes its constitution to be either 39.64 
sodium + 60.36 chlorine; or, on the old theory of mu- 
Yiatic acid, he admits its composition as stated by Berzelius. 


Ant. 3.—Muriate of Ammonia. 


ray equal measures of ammoniacal gas and muriatic 
acid gas be mixed together, over mercury, they are imme- 
diately and totally condensed, a white cloud is formed, and 
a solid substance is deposited on the sides of the vessel.— 
This is the muriate of ammonia. For experimental pur- 
poses it may be procured in the shops, under the name of 
sal-ammoniac. 

Berzelius, from 100 tak precipitated by nitrate of 
silver, obtained 267.87 of luna cornea. Hence he calcu- 
lates its composition, independently of water, to be 


Acids Se 60.8 fakedioe® 1003 
Ammonia .,.. 39.2 .cccevee 64.48 


But in its ordinary state the salt contains water, for 
when distilled with lime, the earth gains a greater increase 
of weight than the muriatic acid only could furnish. The 
proportions are, accor ding to Berzelius, 
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This is one of the few salts, which, consistently. with 
Sir H. Davy’s views, can properly be considered as a true 
muriate. Its atomic constitution Mr. Dalton believes to 
be one atom of acid and two atoms of ammonia. 

Muriate of ammonia exhibits the following properties : 

(a) It is volatilized, without being liquefied or decom- 
posed, and hence may be sublimed. | 

(l) It is readily soluble in water, three parts and a half 
of which, at 60° take up one of the salt. During its solu- 
tion much caloric is absorbed. In boiling water, it is still 
more soluble; and the solution, on cooling, shoots into re- 
gular crystals. : 

(c) It slightly attracts moisture from the air. 

(d) On the addition of a solution of pure potarh or 
pure soda, the alkali is disengaged, as is evinced by the 
pungent smell that arises on the mixture of these two 
bodies, though perfectly inodorous when separate. 

(e) Though generally considered as a neutral salt, yet, if 
placed on litmus paper and moistened, Berzelius observes, 
that the paper is reddened after some moments, as it it would 
be by an acid. 

(f) It is decomposed by barytes, strontites, Gay and 
magnesia. 


\ 
Process for obtaining Solution of Ammonia in water. 


The following process is given by Mr. R. Phillips, as 
preferable to that of the London Pharmacopoeia *, 

On 9 oz. of well burnt lime, pour half a pint of- water, 
and when it has remained in a well closed vessel for nearly 
an hour, add 12 ounces of muriate of ammonia, and about 
34 pints of boiling water. When the mixture has cooled, 
filter the solution; and, having put it into a retort, distil 
off 20 fluid ounces. The solution will have the specific 
gravity 0.954, which is quite as strong as it can be conve- 
niently kept. If the solution be required to be more 
‘strongly impregnated, this will be best effected, by passing 


* Remarks on the London Pharm. p.34.  « 
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ammoniacal gas through it, from a mixture of equal parts 
of powdered lime and muriate of ammonia, by means of 
an apparatus similar to that described for the preparation — 
of muriatic acid. 

When a mixture of one part of ate" muriate of 
ammonia with from one to two of powdered carbonate of 
lime (chalk), both perfectly free from moisture, is distilled 
together in a Yetort, a solid white substance condenses on 
the inner surface of the receiver. This is the sub-car- 
bonate of ammonia; and the process now described is that 
by which, with the substitution of proper subliming vessels, 
the sub-carbonate of ammonia is prepared for sale. This — 
operation furnishes an example of double affinity. The 
carbonic acid, being transferred from the lime to the am- 
‘monia, forms sub-carbonate of ammonia; and the muriati¢ 
acid, passing to the lime, composes muriate of lime. 


a . 
Art. 4.—Muriate of Barytes. 


Muriate of barytes may be formed by heating pure 
barytes in chlorine gas, e each measure of which disengages 
half a measure of oxygen gas from that earth. Or when 
barytes is heated in muriatic acid gas, the gas disappears, 
and the salt, which is produced, becomes red hot. But. 
for purposes of experiment, muriate of barytes is best 
prepared, by dissolving either the artificial or native car- 
‘bonate in muriatic acid much diluted: or, if neither of 
these can be had, the sulphuret. The iron and lead, which 
are occasionally pr esent in the carbonate, and are dissolved, 
along with the bary tes, may be separated by the addition of 
a small quantity of liquid ammonia, or by boiling and 
stirring the solution in contact with a little lime; or, which 
is still ‘better, by solution of barytes in water. When fil- 
tered and evaporated, the solution yields regular crystals, 
which have most commonly the shape of bablas bevelled at 

the edges, or of eight-sided pyramids, applied base to base. 
They dissolve in five parts of water, at 60°, or in a still 
smaller quantity of. boiling water; and also in alcohol. 
They are not altered by exposure to the atmosphere; nor 
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are they decomposed, except partially, by a high temper- 
ature. The sulphuric acid separates the muriatic; and 
the salt is also decomposed by alkaline carbonates and sul- 
phates. 


Fifty grains of ignited muriate of barytes give 68 of 
luna cornea. It i is comport 


ag 4 


Acid. ‘Base. , 
. According to Mr. A. Aikin ..of .... 26.86 .. 73:14 
Seewiae alte S.A Berzelius eeesee” e890 26.23 ees 73°77 


And the crys ner salt consists 


Acid. Base. Water. 
' According to Mr. Aikin, of 22.93 .. 62.47 .. 14.6 
en Berzelius - — 93.35 .. 61.85 .. 14.80 


Its atomic constitution, according to Mr. Dalton, is 
1 atom of acid and 1 atom of base; atid the crystals con- 
sist of 1. atom of dry salt and 2 atoms of water. Sir H. 
Davy considers it as a compound of 1 atom of barium 
weighing 65, and 1 atom of chlorine 33.5. Hence 100 
parts should consist of 


Chiorme =: iviecs sha 34: 
POOUTUE s. Vale se .. 66. 


_ Art. 5.—/Muriate of Strontites 


May be obtained by following the same process as that 
employed in preparing the barytic salt. The solution af- 
fords long slender hexagonal prisms, which are soluble in 
two parts of water, at 60°; and to almost any amount in 
boiling water. In avery moist atmosphere they deliquiate. 
They iibmolre in alcohol, and give a blood-red colour to 
its flame. 

Fifty grains of dry muriate of strontites give 85 of luna 
cornea, and hence the salt must consist of 67.5 base and 
32.5 acid. This agrees very nearly with Kirwan’s deter- 
mination, but differs somewhat from Vauquelin’s, viz. 61 
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base and 39 acid. According to Sir H. Davy’s view, it is 
‘constituted of 29 parts strontium and 21 chlorine, or of 


Strontium . oie wee MOON mee 
Chlorine: osy Rye ace a eee 


Tts atomic constitution, agreeably to this view, is one atom 
of metal weighing 45, and one atom of chlorine weighing 
33.5. On theold theory, it should consist of one atom of 

_strontites, and one atom of muriatic acid. , 


Art. 6.—Muriate of Lime. 


This salt may be prepared by dissolving carbonate of 
lime in muriatic acid, or by washing off the soluble part of 
the mass, which remains after the distillation of the solu- - 
tion of pure ammonia from muriate of ammonia and lime. 
One hundred grains of carbonate give, according to Ber- 

zelius, 109.6 of fused muriate of lime. 

The solution crystallizes in six-sided striated prisms, ter- 
minated by very sharp pyramids. If it be evaporated to 
the consistence of a syrup, and exposed to a temperature of 
82°, it forms a compact mass, composed of bundles of 
needle-shaped crystals, crossing each other confusedly. The 
dry salt retains its acid at the temperature of ignition. 

The crystals dissolve in half their weight of cold water, 
and to an unlimited extent in boiling water, being, in fact, 
soluble in their water of crystallization.—They deliquiate 
rapidly in the air, and enter into fusion when heated. After 
being melted by a strong heat, the fused mass still contains - 
water ; for by ignition with iron filings, it yields much: hy- 
drogen gas. On the new theory of chlorine, however, this 
gas may proceed from the decomposition of muriatic acid. 
If fused in a crucible, and treated in the same manner as 
the nitrate of lime, the crystals yield a solar phosphorus, 
called, from its discoverer, Homberg’s, phosphorus. When 
mingled with snow, they produce intense cold, as has ing 
are beeen described. é 


SECT. III. MURIATES. j 42°7 


' Dry muriate of lime may be inferred, from an experi- 
ment of Dr. Marcet, to consist of 


Mariatic acid. ........ AG. 6 s.i6. 100 
Rtimer toe ce ae cates ve Oaeeeiles LOR 
100. 


‘One hundred grains of fused muriate of lime give, ac- 
cording to Davy, 250 grains of luna cornea; according to 
Berzelius 287.5. From experiments on its synthesis, Ber- 
zelius states its composition to be 


Acid. peta scaeleia as 24.69 
Lime seseeeeee ee 95.71 
Water; .jsisiela as. 49,60 


100. 


But, according to the theory of Sir H. Davy, the salt 
after being ignited, consists of 31 chlorine and 19 cal- 
cium, or of 

CORTE. Gena obser, OBe 
SCION ccc ent et aes 


ry 


100. 


Ant. 7.—Muriate of Magnesia. 


This is also a deliquescent and difficultly crystallized salt. 
It has an intensely bitter taste; is soluble in its own weight 
of water, or in five parts of alcohol. Unlike the preceding 
muriates, it is decomposed, but not entirely, by ignition. 

_ According to Mr. Dalton, muriate of magnesia is con- 
stituted of 56.4 acid + 43.6 base. The compound of chlo- 
rine and magnesium, though supposed by Sir H. Davy to 
exist, has not yet been examined in a separate state. When 
heated, the combination, he remarks, is destroyed; the 

4: 
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chlorine. decomposes. water,’ and escapes in the state of 
muriatic acid, and the oxygen of the water forms magnesia 
with the metal. 

The muriates of magnesia and lime are generally con- 
tained in muriate of soda, and impart to that salt much of 
its deliquescent property. They impair, too, its power of 
preserving food. They are also ingredients of sea-water. 


Art. 8.—Muriate of Alumine. 

- May be formed by dissolving fresh precipitated alumine 
in muriatic acid; but the acid is always in excess. It is 
scarcely possible to obtain this salt in crystals; for, by eva~ 
poration, it assumes the state of a thick jelly. It is ex- 
tremely soluble in water, and deliquescent when dry. In 

a high temperature it abandons its acid entirely. No com- 
pound (Sir H. Davy observes) exists, that can be’considered 
as a compound of alumine and chlorine. | 


Art. 9.—Muriate of Glucine. 


This salt is little known. Like all the salts of glucine, it 
has a sweet taste, and crystallizes more readily than the 


Nitrate. | 
~ Arr. 10.—Muriate of Zircon. 

Fresh precipitated zircon is readily dissolved by muriatie 
acid. The compound is colourless; has an astringent taste; 
and furnishes, by evaporation, small needle-shaped crystals, 
which lose their transparency in the air. It is very soluble 
i water and inalcohol. It is decomposed by heat, and by 
the saliva of the mouth, ‘The gallie acid, poured into the 
solution, precipitates, if it be free from iron, a white 
powder. Carbonate of ammonia gives a precipitate, which. 
is re-dissolved by an excess of the carbonate. 


Arr. dl —Muriate of Yitria. 
- This compound has a str iking resemblance to nitrate of 
_yttria. Like that. salt it dries any difficulty, and attracts 
moisture from the air. It does not cry stallize, when eva- 
porated, but forms a jelly. | 


~ 
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SECTION IV. 


Hyper-oxy-muriates. 


Art. 1.— Hyper-oxy-muriate of Potash. 


Tux properties of this salt were discoyered by Berthollet. 
It may be formed by passing oxy-muriatic acid gas, as it 
proceeds from the mixture of muriate of soda, sulphuric 
acid, and manganese (see Section II, Process 2) through a 
solution of caustic potash. This may be done by means of 
Woulfe’s apparatus, using only one three-necked bottle in 
addition to the balloon. The tube, which is immersed in 
the alkaline solution, should be at least half aninch in 
diameter, to prevent its being choked up by any crystals 
that may form. ‘The solution, when saturated with the gas, 
may be gently evaporated, and. the first products only of 
erystals are to be reserved for use; for the subsequent pro- 
ducts consist of common muriate of potash only. 

The chemical changes that occur in the production of 
hyper-oxy-muriate of Hien may be explained either on 
_ the old or the new theory. Let us suppose the oxy-muri- 
atic acid, when first presented to the alkaline solution, to 
be divided into two portions; one of these gives up its 
excess of oxygen to the other half, and returns to the 
state of common muriatie acid, which, combining with 
the alkali, forms muriate of potash.—The other portion, 
therefore, is oxygenized acid, plus a certain quantity of 
oxygen; and this, uniting with another portion of alkali, 
forms a salt, which Mr. Chenevix has termed hyper-oxy- 
muriate. Strictly speaking, therefore, simple oxygenized 
muriates do not exist ; for, in all this class of salts, the acid, 
contains 65 per cent. of oxygen; whereas the oxygenized 
acid must contain, if any oxygen be present in it, only 22.65 
per cent. 

It would be equally consistent with the theory of chlo- 


2 7 


430 HYPER-OXY-MURIATES. CHAP. XIV.) 


rine, either to suppose that the oxy-muriatic acid decom- 

poses the water of the alkaline solution, forming, with its | 
hydrogen, common muriatic acid, while another portion 

of chlorine unites with the oxygen thus set at liberty ;—or 

that the change consists in the decomposition of potash, the 

oxygen of part of which is transferred to another portion 

of alkali, while the oxy-muriatic acid is partly expended in 

decomposing water and forming muriate of potash, and 

partly in composing a triple compound of chlorine, oxygen, 

and per-oxide of potassium. In this view, hyper-oxy- 

muriate is constituted of 1 atom of potassium weighing 

40.5, 1atom of oxy-muriatic acid = 33.5, and 6 atoms of 
oxygen = 45; or 100 parts consist of 


Chorine iy ed ohh e oe 
Potassium pith etee be athe BA, 


On the theory of Mr. Dalton, one atom of oxy-muriatic 
acid weighing 29, deprives five surrounding atoms of their 
oxygen, and constitutes one atom of hyper-oxy-muriatic 
acid = 64, which unites with an atom of potash = 42. 
‘These numbers are not very remote from those deducible 
from Mr. Chenevix’s analysis, according to whom this salt 
is composed of 


Hyper-oxy-muriatic acid.ve.s.e. 58.3 
Potash. tages eis piebiviie 401) Boe eals 
Water eoceceereoec eee ee ee ee ee Sees 2.5 


nd 


ts 100. 


The water, however, is in too small «proportion to be 
considered as more than an accidental ingredient. 

The hyper-oxy-muriate of potash has the following 
qualities: — | | 

(a) It has the form of shining © hhexaedral Jaminee, or 
rhomboidal plates. aC ES 


yn 
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(2), One part of the salt requires 17 of cold water for so- 
lution, but five parts of hot water take up two of the salt. 
(ce) It is not decomposed. by exposure to the direct rays 
of the sun, either in a crystallized or dissolved state. | 

(d) When. the hyper-oxy-muriate is submitted to distil~ 
lation in a coated glass retort, it first fuses, and, on a 
farther increase of temperatur e, yields oxygen gas of great 
purity. A hundred an of the salt afford 75 cubic 
inches of gas (= about 251 grains) of gas, containing not 
more than three per cent. es nitrogen gas. ecracliase| from 
the same quantity, obtained a much larger product of gas, 
viz, 38,6 grains = 111 or 112,/cubic inches*. And Gay 
Lussac found that 100 grains give 38.88 grains of oxygen, 
and 61.12 of muriate of potash, containing, he supposes, 
28.93 chlorine and 32.19 potassium. 

(e) The hyper-oxy-muriate of potash has no power of 
discharging vegetable colours; but the addition of a little 
of the sulphuric acid, -by setting the oxygenized acid at 
liberty, developes this property. 

(f) The salt is decomposed by the str ronger acids, as the 
sulphuric and nitric acids. ‘This will be proved by dropping 
a few grains of the salt into a little concentrated sulphuric 
_acid, A strong smell will arise, and, if the quantities be 
sufficiently large, an explosion will ensue. The experi- 
ment should, therefore, be attempted with great caution, - 
When this mixture is made at the bottom of a deep vessel, 
the vessel is filled with oxy-muriatic gas, which inflames 
sulphuric ether, alcohol, or oil of turpentine, when poured 
into it; and also camphor, resin, tallow, elastic gum, &c. 
(Davy.) * 

Muriatic acid, as ae neh been stated, disengages the 
oxygenized acid, and the addition of a few grains of the salt 
to an ounce measure of the acid, imparts es it the pipes 
of discharging vegetable colours, 

(g) ‘This salt exerts powerful effects on inflammable 
bodies. . 


ee nnn ne ceitereenee: aeenteeeemenemmeteitiaetaall 


* 80 Ann. de Chim, 28, 
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..1. Rub two grains into powder in a mortar, and add 
one grain of sulphur. Mix them very accurately, by 
gentle triture, and then, having collected the mixture to 
one part of the mortar, press the pestle down upon it 
suddenly, and forcibly. .A loud. detonation will ensue.— 
Or, if the mixed ingredients. be wrapped in some strong 
paper, and then: abi with a hammer, a still londer re-~ 
-port.will be produced. ; 

2. Mix five grains of the salt with half the crate of 


powdered andre coal in a similar manner. On triturating 


the mixture strongly, it will inflame, especially with the 


‘addition of a grain or two of sulphur, but not with much 


noise. 

3. Mix a small quantity of sugar with half its weight of 
the salt, and on the mixture pour a little strong sulphuric 
acid *. Asudden and vehement inflammation will be pro- 
duced. This experiment, as well as the olloeiags pequires 
caution. 

4. ‘To one grain of the powdered salt, in a mortar, add 
about half a grain of phosphorus. The phosphorus will 
detonate, on the gentlest triture, with a very loud report. 
The hand should be covered with a glove in making this 
experiment, and care should be taken that the hob holes 
in an inflamed state, does not fly into the eyes.—Phos- 
phorus may also be inflamed under the surface of water 
by means of this salt. Put into a wine glass, one part of 
phospohorus with two of the salt; fill it nearly with water, 
and pour in, by means of a glass tube, reaching to the 
bottom, three or four parts of sulphuric acid. The phos- 
phorus takes fire, and burns vividly under the water. This 
experiment requires caution, lest the inflamed phosphorus 
should be thrown into the eyes. (Davy.) Oil may also be 


* A mixture of this kind is the basis of the matches, now generally 
used for the purpose of procuring instantaneous light. The bottle, inte 
which. they are dipped, contains concentrated sulphuric acid, which 
is prevented from escaping by a quantity of the fibres of amianthus. 
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thus inflamed on the surface of water, the experiment being 
‘made with the omission of the phosphorus, andthe substi- 
tution of a little olive or linseed oil. 

5, Hyper-oxy-muriate of potash may be substituted for 
nitre in the preparation of gunpowder, but the mixture of 
the ingredients requires’extreme circumspection. It may 
be*proper also to state, that this salt should not be kept 
mixed with sulphur in considerable quantity, such mixtures 
having been known to detonate spontaneously. 


Arr. 2.—Hyper-oxy-Muriate of Soda. 


This salt may be obtained, by following the process. al- 
ready described, with the substitution of pure~soda for 
potash. It is exceedingly difficult, however, to obtain it 
‘pure; because it nearly agrees, in solubility, with the 
common muriate of soda. It is soluble in three parts of 
cold water, and in rather less of hot, and is slightly deli- 
quescent. It is soluble also in alcohol; but so also, ac- 
‘cording to Mr. Chenevix,’is the common muriate. It 
crystallizes in cubes, or in rhomboids approaching the 
cube in form. In the mouth it produces a sensation of 
cold, and a taste scarcely to be discriminated: from that of 
muriate of soda. In other properties it agrees with the si- 
milar salt with base of potash. 


Ant. 3.—Hyper-oxy-Muriate of Ammonia. — 


This salt cannot be procured by the direct union of the 
oxygenized acid with pure ammonia, because these two 
bodies mutually decompose each other ; as will appear from 
the following experiments. 

1. Fill a pint receiver with the oxygenized acid; and 
pour into it half a drachm of the strongest solution of 
ammonia that can’ be procured. A detonation will pre- 
sently ensue. 

2, Fill a four-ounce bottle with the oxygenized acid, and - 
invert it in a cup containing four ounce-measures of the 
solution of pure ammonia. Presently the liquor will be 

VOL. I. 2F 
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absorbed, and a detonation will ensue, which will throw 
down the bottle, unless firmly held by the hand. In the 
bottle there remains a portion of nitrogen gas. 


Ann, 4..—Remaining Eh lyper-oxy y-Muriates, 


To effect the combination of ‘barytes and strontites with 
the hyper-oxygenized acid, those bases must be dissolved 
‘in hot water, which must be kept hot while the current of 
gas is transmitted through the solution. Lime may also 
He combined with the oxygenized acid, either by passing 
the gas into a vessel containing lime, suspended in water by 
_ mechanical agitation, or by exposing dry hydrate of lime 
to streams of the gas, as it arises from the materials, de- 
scribed in the 2d section of this chapter. 

This compound derives importance from its application 
to the art of bleaching; for it possesses, when perfectly 
saturated, bleaching properties ; and in this state produces 
whiteness in the unbleached part of goods, without de- 
stroying any delicate colours which they may contain. ‘The 
salt, with base of lime, is extremely deliquescent ; liquefies 
at a low heat, and is soluble in alcohol. It produces much 
cold by-solution, and a sharp taste in the mouth. Its com- 
_position and properties have been investigated by Mr. 
Dalton, in two memoirs published in the 1st and 2d volumes 
of Dr. Thomson’s Annals. He finds that the dry salt is 
2 compound of two atoms of lime, one of acid, and six 
of water. Bysolution one half of the lime is deposited, 
and a compound of one atom of lime and one of acid is 
dissolved by the water. The dry salt is much impaired by 
_ being long kept. It comtains per cent 
Oxy-muriatic acid . ........ 23.2 


Lime. esceocecesepeaevedes 38.4 
ee oe 38.4 


a een 


100, 


For an account of the remaining salts formed with this 
-acid, Mr. Chenevix’s paper may be consulted, 
7 pay: 
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SECTION V. 
Nitro- Muriatie Acid 


Tuis acid isa Sicponnt of the nitric ae muriatic acids, 
and may be formed most commodiously by mixing two 
parts of nitric acid with one of muriatic. ‘Though the > acids 
employed are both perfectly pale, yet. the iB aie: becomes 
of a deep red colour, a brisk effervescence takes place, and 
' pungent vapours of oxy-muriatic acid are evolved. 

The nitro-muriatic acid does not form, with alkaline, or 
other bases, a distinct genus of salts, entitled to the name 
of nitro-muriates; for, when combined with an alkali, or — 
an earth, the solution yields, on evaporation, a mixture of 
a muriate and a nitrate; and metallic bodies dissolved in 
it yield muriates only. In the latter case, the nitric acid 
is decomposed, oxydizes the metal, and.renders it soluble 
in muriatic acid. The most remarkable property of nitro- 
muriatic acid (that of dissolving gold) will be described in 
the chapter on that metal. 


SECTION VI. 


Mi wrio-Sulphuric Acid. 


Munratic acid gas is absorbed"in considerable quantity 
by sulphuric acid. “he compound has a brown colour, 
and when exposed to the air emits copious white fumes. 
It has no particular uses. 


By the action of a mixture of fuming muriatic acid on 
sulphuret of carbon, Berzelius obtained a solid white crys- 
2F2 


436 MURIO-SULPHURIC ACID. CHAP. ratt 


talline body, resembling camphor, and possessing some re- 
markable properties. Its analysis afforded 


Muriatic acid .. 0.606.602 0s. 05 48.74 
Sulphurous acid........++se++ 29.63 
Carbonic acid (and loss) seveeee 21,63 ; 


100. 


It appears, therefore, to consist of two atoms of muri- 
atic acid, one of sulphurous acid, and one of carbonic. 


APPENDIX. 


DESCRIPTION OF THE PLATES. 


PLATE I. 


Fic. 1. (a) A plain retort, the neck of which is shown. 
introduced a proper length into the mouth of a plain re- 
receiver J. The dotted lines at c show the receiver with the 
addition of a tubulure, into which either.a stopper, or bent 
glass tube, may be occasionally fixed. 

Fic. 2. A glass alembic; a the body, ene b the head, 
which are ground so as to fit accurately, and may be sepa- 
rated when necessary. The head 0 is so shaped, that any 
liquid, which may be condensed, collects into a channel, 
and is carried by the pipe c into the receiver. 

Fic. 3. A separator, for separating liquids of different 
specific gravities. Itis furnished with a ground stopper at 
a, and a glass stop-cock at 4. The vessel is filled with the 
liquids that are to be separated (oil and water for example), 
which are allowed to stand till the lighter has completely 
risen to the top. The stopper a is then removed, and the 
cock J opened, through which the heavier liquid descends ; 
_ the cock being shut, as soon as the lighter one is about to 
flow out. 

Fic. 4. A glass vessel, termed a maitrass, useful for 
effecting the solution of bodies, which require heat before 
they can be dissolved, or long continued digestion, see 
vol. i. p.11. The upper extremity of the long neck gene- 
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rally remains cool, and allows the vessel and its contents to 
be shaken occasionally. 

TGs Be ak glass bottle with a very thin bottom,. and a 
projecting ring round ‘the neck, for suspending it over a 
lamp. ‘These are “useful for effecting solutions on a small 
scale. : 

Fie. 6. An apparatus contrived by Mr. Pepys, for 
ascertaining the quantity of carbonic acid discharged from any 
substance by the addition of an acid. It consists of a bottle 
closed by a ground stopper. This stopper is perfor ated, 
and fornis the lower part of a tube, which is twisted into 
the shape of a still-worm. In this worm, any water that 
escapes along with the. gas, is condensed, and falls down 
_ again into the bottle. The experiment is made precisely 
as described, vol.i. p. 289: and the loss of weight is de- 
termined at the dlose’of' the effervescence. 

OP Gey Heals ions ag ‘3 di picabteg hateliths described, 

voll 154i 16; 
RG 8 (a) Anvair ther horde, fo asceftaining’ the 
temperature of liquids. It consists of a bottle, heidi filled 
with any ‘coldured: liquid, and partly with dir, a glass tube 
ef*small bore, open at both ends, being either ‘eatnaltear 
ont hermictically: sealed into the bottle, so that its lowér 
extremity may nearly touch the bottom ofthe bottle. "The 
expansion of the included ait, on the application of ‘heat, 
drives the coloured ‘liquid wp the tube, and to an extent 
which may be measured by the application of aseale. The 
figs lis ahother’ variety of the same re described 
yolvits ps 76. fhe : | 

1G O93 The — air baa of Sanctorio ; see 
val ip. Ae | : 

Fre. 10. . A bent funnel for intr oducing liquids into, re- 
torts, without soiling their necks. | | 

Fig, 1h. uae ee r. The wider end admits the neck of 
a tetort; and the narrower 1s A ps into the mouth? of 2 
receiver. ah Bri ats 

Fie. 12. ‘A section Gf: an oa ating dish of w edg- 
wood’s ware, 


DESCRIPTION OF THE PLATES. 439. 


Fic, 13. (a) A tubulated retort luted to (l) a quilled re- 
ceiver, the pipe of which enters the nach of a bottle (c) sup- 
ported by a block of wood. 

Fre. 14. Different forms of jars for precipitations, with, 
lips for conveniently decanting the fluid.from the preci+ 
pitate. 

Fic. 15. A tube, blown in the middle into a ball, for 
dropping liquids. The ball is filled by the action of the 
mouth applied to the upper orifice, while the lower one is 
immersed in the liquid. ‘To the former the finger is then 
applied; and, on cautiously removing it, the ogee is €X- 
pelled in drops. 

Fic. 16. A botile for ascertaining the specific gravity of 
liquids. When filled up to a mark in the neck, with dis- 
tilled water of a given temperature, it should hold 1000, 
2000, or any even number of grains. The quantity, 
which it is found to contain, of any other liquid of the 
same temperature, shows the specific gravity of the latter, 
For example, if it hold 1000 grains of water, and 1850 
of sulphuric acid, the specific gravity of the latter is to 
that of water as 1850 to 1000. | 


PLATE II. 


Fic. 17. An apparatus for procuring gases, without the 
possibility of their escaping into the room during, the pro- 
cess, a circumstance which is of considerable importance, 
when the gas has an unpleasant smell or deleterious pro- 
perties. Suppose that sulphuretted hydrogen gas is to be 
obtained, from sulphuret of iron and diluted’ sulphuric 
acid. The sulphuret of iron, in coarse powder, is put 
into the body of the gas bottle c, with a proper quantity 
of water. The acid ides @ is filled with diluted acid, the 
cock l being shut, and is then fixed into the tubulure of 
the gas bottle, to which it is accurately adapted by grinding. ; 
The bent tube d being made to terminate. under a receiver 
filled with, and inverted in water, the perforated - -gock iis 


L 


440° DESCRIPTION OF THE PLATES. 


gradually opened, in ebisepuchts of which the acid de- 
scends into the gas bottle; and acts on the sulphuret of 
iron. If it be found necessary to renew the acid, without 
disturbing the apparatus, this may be done as follows. 
The cock 6 being shut, the stopper, which closes the acid 
holder, may be removed, and fresh acid be poured in, 
through the aperture. This may be repeated as often as is. 
found necessary. The acid holder may be advantageously . 
adapted, also, to a: retort for certain Ay such as 
that of muriatic acid. | 
- Fig. 18. A plain gas bottle sith’ siveoRe bis fhe lisa 
which is received into the bottle, hiiving a ground stopper 
accurately fitted tothe neck. For ordinary purposes (such 
as obtaining hydrogen gas from diluted sulphuric acid and 
iron filings) this apparatus answers perfectly well, and is 
much less’ costly. It is frequently made with a tubulure 
and glass stopper, and is then called a tubulated gas 
bottle. . 

Fic.19. A gas Ae apne in transferring any gas, tion 
a wide-mouthed vessel into a jar of narrower diameter, or_ 
into.a bottle. When employed for this purpose, it is held 
inverted, as shown by the figure, the pipe being admitted 
into the aperture of the bottle or jar, which is filled with - 
and inverted in water, and the gas being me to pass 
into it in bubbles. | 

Fic. 20. Dr. Hope’s Eudiometer. The manner’ of 
using it has already been described, vol. i. p. 148. 

Fic. 21. <A modification of Dr. pein s Eudiometer 
described, vol. i. p. 149. 

Fic. 22, A gas receiver, into the cil of which is ce~ 
mented a brass cap, with a female screw for receiving a 
stop-cock. ‘The vessel & is a glass flask, which may be 
made to communicate with the interior of the jar a, by 
opening the cock. When the apparatus is used, it is ne- 
cessary to employ two stop-cocks, and not one only, as 
represented by the figure. Supposing that the weight of. 
any gas is to be ascertained, the flask J is exhausted, by 
screwing it on the transfer of an air-pump; and, if great 


oe 
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accuracy be required, it is ) proper to enclose a gage in the 
vessel. Let the flask be weighed when exhausted; then 
screw it upon the top of the receiver, containing the gas 
which is to be weighed; and open the communication, 
observing, by using a graduated jar, how much gas has 
been admitted. Suppose this to be 50 cubic inches. By 
weighing the flask again when full,. we determine the 
weight of 50 cubic inches of the gas under examina- 
tion. The experiment should be made when the tem- 
perature of the room is 60°, and when the barometer 
stands at 29.8. 

Fie. 23. A plain jar for receiving gases, with a ground 
stopper. . “Ore 

Fic. 24. An eudiometer for trying the purity of a 
mixture of gases containing oxygen gas, by means of ni- 
trous gas. ‘The process has already been described, vol. i. 
p. 369. The instrument should be accompanied with a 
phial, holding, when completely full, precisely a cubic 


- jnch. 


Fic. 25. A wire stand, with a leaden foot, for the pur- 
‘pose of raising, above the surface of water within a jar, 
any substance which is to be exposed to the action of gas. 

Fic. 26. An apparatus for showing that caloric exists in 
gases in a latent form. The application of it has been 
already described, vol. i. p. 130. 

Fic. 27. An apparatus for dr rying precipitates by steam, 
described, vol. i. p. 11. 

Fras. 28 and 29. ‘Tubes for exploding mixtures of hy- 
drogen and other inflammable gases with oxygen.gas, com~ 
monly termed the Eudiometer of Volta; see vol.i. p.153. 


PLATE III 


Fic. 30. The.common form of a Woulfe’s apparatus, 
In this figure the retort @ is/represented plain, but it is 
better to ~eragilerp atubulated one. The use of this er 
ratus has already been Sree vol. i. \p. 7. 
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Fic. 31. A modification of the apparatus, which has 
been already described. In this figure, the mercurial 
trough is shown with a jar standing inverted in it, for the 
purpose of receiving any gas that may escape conden- 
sation by water. 

Fig. 32. Mr. Pepy’ s RENNIE | of Woulfe’s appa- 
ratus described, vol. i. p. 8. 


PLATE IV. 


Fics. $3 and 34. . Cuthbertson’s apparatus, for exhibit- 
ing the composition of water, with the ,substitution of 
gazometers for the receivers originally employed by him. 
The apparatus has been described, vol. i. p.162. Fie. 33 
is an enlarged view of the conical brass piece, which is ce- 
mented into the bottom of the receiver, and through which 
the gases are conveyed. | 

Fic. 35. A gazometer of the most simple and common 
construction ; see vol. i. p. 123. 

Fie. 36. A gas holder, described, vol.i. p. 124. ) 

Fic. 37. A galvanic trough; see vol. i. p. 182... The 
tube b shows the arrangement for decomposing water. The 
upper wire may be hermetically sealed into the tube, and . 
the lower one passed through a cork, which should have 
é small slit cut in it, to allow the water to escape in drops 
as the gas is produced. 

Fre. 38. The manner in biel a candle may be Laincd 
in oxygen gas; see vol. i. p. 136. 

Fic. 39. The combustion of iron-wire in oxygen gas. 

Fic. 40. . Apparatus for decomposing water over red-hot 
iron or charcoal; see vol.i. p. 167. 

Fre. 41. An apparatus for showing the diminution ef- 
fected in the volume of hydrogen and oxygen gases by 
their slow combustion; see vol. i, p. 155. 

Fre. 42. A very simple and cheap contrivance for 
freezing quicksilver by muriate of lime and snow. The 
outer vessel of wood: may be twelve and a half inches 
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square, / and seven inches deep. Jt should have a 
wooden cover, rabbeted in, and furnished with a handle. 
Within this is placed ‘a tin vessel UJ, standing on feet 
which are one and a half inch high, and having a pro- 
jection at the top, half an inch broad, and/an inch deep, 
on which rests a shallow tin-pan cc.'' Within the second 
vessel is a third d, madé of untinnéd’ iron, and supported 
by feet two inches high. This vessel is four inches square, 
and is ‘intended to contain the mercury. “When the appa- 
ratus is used, a mixture of muriate of lime and snow is 
put into the outer vessel @ a, so as completely to surround 
the middle vessel 4 J. Into ‘the latter, the vessel d, con- 
taining the quicksilver to be frozen, previously cooled 
down by a freezing mixture, is put; and this is imme- 
diately surrounded by a mixture of snow and muriate of 
lime, previously cooled to 0° Fahrenheit, -by. an artificial 
mixture of snow and common salt. ‘The pan cc is also 
filled with these materials, and the wooden cover is then 
put into its place. The vessels are now left till the 
quicksilver is frozen. A more elegant, but more expensive 
apparatus, by Mr. Pepys, intended for the same pur- 
pose, is figured in an early volume of the Piuleboparcal 
Magazine. | 

Fre. 43. A wire stand, consisting of an interior circle, 
and three straight pieces of wire proceeding from it in the 
same plane. Its use is noticed, vol. i. p. 138. 

Fic. 44. Sir H. Davy’s apparatus for the analysis of soils 
described in his paper, which is copied into the third part 
of this work. 


PLATE V. 


Fic. 45. Pictet’s arrangement of an apparatus for 
showing the radiation of caloric, unaccompanied by mBe: 
see vol. i. p. 84. 

Fig. 46. An oval copper boiler, for exhibiting the most 
important facts respecting latent caloric. The | size of its 
different parts (except the width, which is 4 inches) may 
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be learned from the scale affixed to the plate, which is . 


abundantly sufficient to enable any intelligent workman to 
construct the apparatus. The collar joint and stuffing box, 
however, it is indispensably necessary to describe, espe- 
cially as the former article of apparatus is generally con- 
structed on a bad plan. 

Fic. 47 is a section upon a larger scale, of the collar 
joint at b (fig. 46), made for the convenience of screwing 
together long or crooked metal tubes, .without turning 
them round: a isa section of the end of one of the tubes, 


: and & that of the other which is to be attached to it; cis.a 


i 


collar which turns loose upon the shoulder of a, and screws 
upon J. By screwing this collar upon J, the end ee of 
the tube a is brought to press upon the part dd of the 
tube J, without turning round either of those tubes. If 
upon d be laid a ring of linen cloth soaked in boiled lin- 
seed oil, the joint, when screwed up (if tolerable well 
made), will be impervious to steam as well as to water or 


air. The projection at d is for preserving the ring of cloth 


from being displaced, and for guiding the ends of both 
tubes, so as to meet properly. 


Fic. 48 is a section of a socket, for fixing the stem of a 


thermometer into a boiler or a digester, where there is 
much heat and pressure; J is a socket fixed on the outside 
of the boiler or digester, having a hole through it large 
enough to admit the bulb-of the thermometer; a is a plug 
which screws into ), having a hole through its centre 
large enough to admit only the stem of the thermometer ; 
cc is a loose round plate, concave on the upper side, 
having a hole through its centre just sufficient also to 
admit the stem of the thermometer. When the instrument 
is to be inserted, the plug a, and the plate c, must both be 
taken out of the socket. The bulb is then passed through 
it. ‘The plate ¢ is next slipped over the stem, and dropped 
into its place. Some flax, soaked in linseed-oil, must 
next be wrapped round the stem, so as nearly to fill the 


socket. ‘The plug a must. then be screwed in, till the flax 
be compr essed SO as. to make the whole sufficiently tight. s 
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The Suppsite surfaces of the plate c, and the plug a, are 
made concave, for the purpose of compressing the flax 
round the stem of the thermometer. 


PLATE VIL 


Fras. 49, 50, 51. Sections of crucibles. 

Fic. 52.. A muffle; see vol.i. p. 5. 

Fie. 53. Stands for raising the crucible above the bars 
of the grate; a one adapted to Mr. Aikin’s blast furnace ; 
4 one of the common form. 

Fic. 54. A skittle-shaped crucible. 

Fie. 55. Mr. Aikin’s portable blast furnace. It is com- 
posed of three parts, all made out of the common thin | 
black-lead melting pots, sold in London for the use of the 
goldsmiths. The lower piece c is the bottom of one of 
these pots, cut off so low as only to leave a cavity of about, 
an inch, and ground smooth above and below. The out- 
side diameter over the top is five and a half inches. The 
middle piece, or fire-place a, is a larger portion of a si- 
milar pot, with a cavity about six inches deep, and mea- 
suring seven and a half inches over the top, outside 
diameter, and perforated with six blast holes at the bot- 
tom. These two pots are all that are essentially necessary 
to the furnace for most operations; but when it is wished 
to heap up fuel above the top of a crucible contained 
within, and especially to protect the eyes from the into- 
lerable glare of the fire when in full heat, an upper pot b 
is added, of the same dimensions as the middle one, and. 
with a large opening in the side, cut to allow the exit of 
the smoke and flame. It has also an iron stem, with a 
wooden handle (an old chisel answers the purpose very 
~ well) for removing it occasionally. 
The bellows, which are double (d), are firmly fixed, by | 
a little contrivance which will take off and on, to a heavy 
stool, as represented in the plate; and their handle should 
be lengthened so as to make them work easier to. the hand. 
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To increase their force on particular occasions, a plate of . 
lead may be firmly tied on the wood of the upper flap. 
The nozzle is received into a hole in the pot ¢ which 
conducts the blast into its cavity. From hence the air 
passes into the fire-place a, through six holes of the size of 
a large gimlet, drilled at equal distances through the bot- 
tom of the pot; and all converging in an inward direction, 
so that if prolonged, they would meet about the centre of 
the upper part of the fire. Fig. 56 shows the distribution 
of these holes in the bottom. The large central hole is 
intended to receive the stand a, fig. 53, which serves for 
supporting the crucible. 

No luting is necessary in using this fevers’ sO that it 
may be set up and taken down immediately. ‘Coak or 
common cinders, taken from the fire when the coal just 
ceases to blaze, sifted from the dust, and broken into very 
small pieces, forms the best fuel for higher heats. The 
fire may be kindled at first by a few lighted cinders, and a 
small quantity of wood-charcoal. 

The heat which this little furnace will afford is so intense, 
that its power was, at first, discovered accidentally by the 
fusion of a thick piece of cast iron. The utmost. heat pro-— 
cured by it was 167° of Wedgwood’s pyrometer piece, 
which was withdrawn from a Hessian crucible, when ac- - 
tually sinking down in a state of porcellanous fusion. A 
steady heat of 155° or 160° may be depended on if the 
fire be properly managed, and the bellows worked with 
vigour si 

“By a letter from Mr. neh, I have learned, also, a con- 
venient way of exhibiting, in a lecture, and performing 
at other times, the process of cupellation, by means of this 
furnace. It consists: in’ causing a portion of the blast to 
be diverted from the fuel, and’to pass through a crucible 
in which the cupel is placed. ' This arrangement supplies 
air $ and the whole may ties seen oy a sloping’ tube, run 


4 


- #* See Philosophical Magazine, vol. xvii. p. 166. 
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through ‘the cover of the crucible. Fig. 57 shows the 
furnace when used for this purpose; aa the furnace; J the 
perforated stepper for the central blast; cca portion of 
earthen tube, through which the air passes, and is heated 
during this transit; e a piece of soft brick perforated to 
admit the earthen tube f, which may be kept open for 
inspecting the process. No luting is required, except to 
join f toe. 

Fic. 58. Knight’s portable furnace*, composed of strong 
iron plate lined with fire lute, the inside diameter six 
inches: a shows the grate; J the ash pit door; d the door 
of the fire-place when used as a sand heat; ee two holes . 
opposite to each other for transmitting a tube; g an 
opening for a retort neck, when used for distilling with 
the naked fire. 

Fie. 59. A different view of the same furnace; a the 
grate; cthe register to the ash pit; f a-small door, with 
a contrivance for supporting a muffle. The other letters 
correspond with the explanation of the preceding figure. 

For this furnace the proper fuel, when it is used asa — 
‘wind furnace, is wood-charcoal, either alone, or with the 
admixture of a small proportion of coak. For distillation 
with a sand heat, charcoal, with a little pit coal, may be 
employed. 


PLATE VII. 


Fie. 60 represents a fixed furnace, which I find very 
useful, because it may either be employed as a wind 
furnace or for distillation with a sand heat. Its total 
height outside is thirty-three inches, and the outside square 
is eighteen inches, or two bricks laid lengthwise. ‘The 
thickness of the sides of the furnace is the breadth of a 
“brick, or four and a half inches; but whenever there is 
‘room, it is better to make them nine inches in thickness. 
‘From the top of the furnace to the grate, which is move- 
able; and supported by two bearers, the height is thirteen 


~ * This furnace is also described in vol. i. p.3. 
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inches; and atc is a double Riimford door; or in pré- 
ference, a hole closed by a moveable earthen stopper, for 
‘introducing fuel. The ash pit should a have register door. 
The bhi is four inches wide by three high, and may 
either be furnished with a damper or not. On the top of - 
the furnace a cast-iron ring is fixed, ten inches inside 
diameter, three inches broad, and half an inch thick. It 
is secured in its place by three iron pins, passing through 
three equidistant holes in the ring, and bent at the distance 
of nine inches at aright angle. These serve the purpose 
of binding the ring firmly into the brick-work. The sand 
pots are of different sizes; and a variety of them may be 
made to fit the same ring, by varying the breadth of their 
rims, as shown fig. 71. The brick should be cemented 
together, at least for the inner half of their breadth, by 
loam, or by a mixture of Stourbridge clay, with two or 
three parts sand, and a proper quantity of water. _ 

When this is used as a wind furnace, the opening in the 
side is to be closed by its stopper; or, if a Rumford door 
be employed, it must be defended from the fuel*by a fire 
tile. ‘The fuel (coak) is introduced at the top, which is 
occasionally covered by a fire tile. When distillation with 
a sand heat is performed, the sand pot : rests on the iron 
ring, and the fuel, which may be common pit coal, is — 
added through the opening in the side. It may be proper 
to state, that, in order to receive'a sand pot of as large a 
size as possible, the upper course of bricks should be be- 
yelled within the furnace; and.the width at. the top may 
exceed a little that at the grate. 

The best Stourbridge or Ne Ce ty firebricks 
are necessary in constructing es and the fOr fur- 
maces. , 

‘Fic. 61 is a longitudinal section of a wind furnace, in- 
‘vented by Mr. Knight, with an additional chamber for 
applying the waste heat to useful purposes: a the internal 
cavity, which is square, for containing the fuel and the 
crucible: 4 the flue passing into a hot chamber c; an ap- — 
pendage particularly useful for drying luted crucibles, | or 
bringing them to a proper. temperature for the furnace ; 
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for roasting ores and various other purposes: dthe flue con- | 
necting it with the vertical chimney e; which, to produce 
a strong heat, should never be less than thirty or forty 
fect high: ff covers, consisting of twelve-inch Welsh 
tiles, with handles: g the stoke hole, through which no 
more of the fire is seen than what appears between the 
grate and the bearing bar A. ‘This space is left for the 
double purpose of raking the fire, and occasionally taking 
out the bars: & the ash pit, which is sunk below the level 
of the ground, and is covered, where it projects at./, by 
an iron grating. © 

_ The best sitation for this furnace, is an angle of the labo- 
ratory, the chimney being in the corner, as represented 
in the sketch. By this arrangement, the operator is spared 
the disagreeable necessity of scorching his legs, by standing 
opposite the stoke hole, while the backs of his legs are ex- 
posed to a current of cold air rushing to the furnace. 

Fics. 62 and 68 are different views of a furnace invented 
by Mr. Knight, and convertible to various purposes. 

The inside of this furnace is nine inches square, and six- 
teen inches deep from the top to the grate. The face of 
the opening at g rises at an angle, which makes the back 
part_five inches higher than the front. ‘This contrivance 
enables us completely to cover a large retort with fuel, 
without obstructing the passage of the air, and also re- 
lieves partly the weight of the cover, when it requires to be 
moved. ‘The walls of the furnace are at least a brick and 
a half thickness, and as much more as local convenience 
will allow. By sinking the ash pit below the level of the 
ground, -at 7, the height of the furnace needs not exceed 
eighteen inches, which renders the management of the fuel 
much more easy, and subjects the face and hands less to 
the action of the heat. The ash pit a, must be at least 
eighteen inches deep, below the surface of the ground, and 
more if convenient. It must have an opening, projecting 
from it three or four feet, to be covered with boards, and 
with an iron grating next the furnace. This preserves the 
legs of the operator from the action of the fire. 

VOL, I. 2G 
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The grate l is formed of separate bars, each of a trian- 
gular shape, three fourths of an inch apart, and resting on 
two bearers. In the front of the furnace, an iron bar is to 
be placed to support the brick-work, and to leave an 
opening, through which the bars may occasionally be drawn 
out, and the hue raked and cleared of the slag. The 
chimney ¢ is two and a half inches from the top, and four 
and a half wide by two and a half high. . 

To fit this furnace for occasional distillation with the 
naked fire, an opening, d, fig. 62, is left on one side, which 
is filled up, when not ee by five pieces of soft fire- 
brick, cut to a proper shape, and secured by a clay lute. 
It is proper, also, to be provided with other pieces, having 
arched openings for transmitting the neck of a retort. One 
of these pieces may have a round hole for occasionally 
transmitting a tube, and a corresponding hole, A, fig. 63, 
must then be made in the opposite side of the furnace, to. 
be closed, when not wanted, with a siopper. ye 

Fics. 64 and 65 represent a sand heat, for containing flat 
evaporating vessels; the depth from back to front two feet ; 
the width, agreeably to the scale, six feet. At the front is 
a rim four Soa deep, consisting of a piece of iron plate, 
which is fastened at each end into the wall. The floor or 
bottom. ee, is formed of cast-iron plates, which rest upon 
each other in corresponding’ rabbets. ‘The advantage of 
several small plates, over one large one, is the cheapness 
and facility, with which they are replaced, if cracked by 
the heat, an accident of not unfrequent occurrence. ‘The 
joints are secured by a fire lute, which effeectually prevents 
the sand from falling through. ‘The fire place is shown 
by J; atthe bottom it has a grate ten inches long, by eight - 
wide. The flame and smoke circulate first through the 
fiue c, and then through the returning flue d, which con- 
veys the smoke to the chimney g. In constructing the flue 
beneath the grate, a row of bricks, set edgeways, answers 
the purpose, and serves also to support the i inner edge of 
the plates. 

It is advisable to cover the sand heat with a sloping roof, 

n 


ad 


DESCRIPTION OF THE PLATES, 451 


which may be formed of lath and plaster, and supported 

by side walls. ‘The lowest part of the roof may be fore- 
most, and about three feet above the edge of the iron plates. 

It is, also, necessary to have an air flue, nearly at the top 

of the back wall, under the dome or roof, to be closed oc- 

casionally by adoor. This must open into the chimney, in 

which case it serves the purpose of carrying off noxious 

vapours. 


PLATE VIII. 


Fras. 66, 67, 68, are the section and plans of a rever- 
beratory furnace for experimental purposes. In this fur- 
nace, the fuel is contained in an anterior fire-place; and 
the substance, to be submitted to the action of heat, is 
placed on the floor of another chamber, situated between 
the front one and the chimney. The flame of the fuel 
passes into the second compartment; by the form of which 
it is concentrated upon the substance exposed to heat, which 
is-not confined in‘a separate vessel or crucible, but placed 

on the floor of the furnace. When reduced ‘to a state of 
— fusion, the’ melted mass is allowed to flow out through a 
tap-hole at-h. ‘The dimensions of this furnace it is scarcely 
possible to state, as they vary so considerably in dierent 
parts of it; but they may be ascertained by referring to the 
figures, and by the application of the scale.. In all three 
figures, a represents the ash pit; J the grate composed of 
moveable bars; ¢ the door at which the fuel is introduced; 
d a door in the side of the chamber, for the purpose of in- 
specting the process; e the floor of the furnace which de- 
scends, and is gradually contracted towards the back part; 
f another door for introducing and stirring the materials ; 
g the back part of the furnace, immediately under the 
chimney’ ; h the tap-hole; z the chimney. 

‘Fies. 69 and 70, exhibit a cupelling or bidiielliag fur- 
nace.’ The form of this should be an oblong square; its di- 
mensions being regulated by that of the muffle, which 

262 
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_ should go home to the back, its front edge lodging on the 
mouth of the furnace. On each side of the muffle, two 
inches and a half must be left, to let the fuel pass readily 
underneath, where there should also be a similar space. A 
stoke hole must be left on the other side, but the situ- 
ation of the view will not admit its being shown. Before 
the muffle, is a projecting ledge or shelf, shown at e, which 
is intended to support any thing that is to be put into the 
muffle. ‘T'wo twelve-inch tiles, worked in along with the 


bricks, will answer this purpose. In both figures, a shows ' 


the ash pit; c the grate; d the muffle; e the opening for 
introducing the muffle; f the chimney, and g the cover. 

Fic.71. Sand pots with rims of different sizes. 

Fics. 72, 73. Dr. Black’s portable furnace, made of 
sheet iron lined with fire clay. Its dimensions, as they 
vary in almost every part, will best be learned from the 
scale; a the fire place; 4 the chimney; cthe ash pit; d the 
door of the ash pit; e a register for regulating the sispoad 
of air admitted to pass ficial the fuel. 


Fig. 74. Mr. Chenevix’s chal furnace. This i is rudely | 


sketched in Nicholson’s Journal, from which the more ac- 
curate figure in plate viil.,is taken. , This furnace Mr. 
Chenevix describes as-follows: ‘* I have constructed a wind 
furnace, which, in some respects, is preferable to the usual 
form. ‘The sides, instead of being perpendicular, are in- 
verted; so that the hollow space is pyramidal. At the 
bottom the space is twelve inches square, and at the top 
only eight. ‘The perpendicular height is seventeen inches, 
from the top to the grate. ‘This form unites the following 
advantages. 1. A large surface is exposed to the air, which, 
_ having an easy entrance, rushes through the fuel with great 


rapidity. 2. The inclined sides act as reverberators. 3. _ 


The fuel falls of itself, and is always close to the grate.” 

In the figure, a represents the grate; cc are two bricks 
which can be let in at pleasure, to diminish the capacity: - 
b is another grate which can be placed on the bricks'c c, for 
eccasional purposes: dd are bricks, which can be placed 
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on the erate 4, to diminish the capacity of this part of the 
furnace; ethecover. Both sets of bricks should be ground 
to the slope of the furnace. 

In the construction of every furnace, which is intended 
to produce a strong heat, lime or mortar should be avoided, 
and the bricks should be set in loam, or Stourbridge clay, 
worked up with water and sand, inserting occasionally 
pieces of sheet iron, bent twice in opposite directions at 
right angles. ‘The furnace should be allowed to remain 
_ some weeks, after setting up, before it is used; and before 
raising a strong heat, a gentle fire should-be sometimes 
kindled in it, the strength of which may be gradually in-. 
creased. When a strong blast is expected, it is necessary 
to bind the brick-work together, externally, by strong iron 
bars and plates, kept in their places by screws. The 
chimney should be nine inches wide, and raised to as great 
a height as circumstances will admit. 

The coak of pit coal is the only fuel fitted for exciting an 
intense heat, and should be used in all cases, except in the 
reverberatory, and in distillations with the sand bath, when 
pit coal may be employed. The charcoal of wood is adapted 
principally to portable furnaces. 


PLATE IX. 

Fre. 75. The galvanic battery called couronne de tasses, 
described vol. 1. p. 182. 

Fic. 76. Apparatus for obtaining the elements of water 
in separate tubes ; see vol. i. p. 189. 

Fic. 77. The pile of Volta; see vol.i. p. 181. 

Fic. 78. Section of a galvanic trough, to explain the 
theory of the excitation of galvanic Slacericity: ; see vol. i, 
p- 201. 

Fic. 79. bt atus for obtaining oxyg en and hydrogen 
gases, from separate quantities of water not in contact with 
_-each other ; see vol. i. p. 190. 
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fic. 80. Two agate cups connected by. moistened ami- 
anthus; see vol. i. p. ‘191. | 

Fic. 81. Two gold cones similarly connected, ibid. 

Fic. 82. Aeaker cups similarly connected with an inter- 
mediate vessel 7; see vol. i. p. 193. 

Fig. 83. Apparatus for procuring potassium from pot- 
ash and iron filings, described vol. i. p. 214. 
_. Fig, 84. Apparatus for firing gases by electricity, or 

submitting them to electrical discharges, vol.i. p.125. 

Fic. 85. Pepys’ improved gas-holder: a a small iron 
retort placed in the fire with a- Heinted conducting tube 6, 
which is admitted into the vessel at c.. This is shown on a 
larger scale in a different part of the plate. The letter dis 
placed on the body of the reservoir, and near the central 
pipe, which descends from the cistetn e to nearly the bottom 
of the vessel. At f a giass tube is fixed, which shows the 
height of the water within the vessel. When a jar is in- 
Nae to be filled with gas from the reservoir, it is placed, 
filled with water and satiate in the cistern e. The cocks 
1 and 2 being opened, the water descends through tne pipe. 
attached to the latter, and the gas rises through the cock 1.. 
By raising the cistern e to a greater elevation, any degree 
of pressure may be obtained; and a blow-pipe may be 
screwed on the cock at the left side of the vessel. 


END OF THE FIRST VOLUME. 


‘ ERRATUM, 

Vol. Y. page 443.—Dele the description of Fig. 44; as that figure should 
have been. erased from the plate, the article to which it refers not. 
having been retained in this edition, 
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